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ABSTRACT
THE INFLUENCE OF CONTINUITY OF NURSING CARE IN THE ACUTE CARE
SETTING ON READINESS FOR DISCHARGE AND POST-DISCHARGE RETURN
TO HOSPITAL

Sarah J. Bahr PhD, MSN, RN, ACNS-BC
Marquette University, 2019
Background: Promoting continuity of nursing care has the potential to increase patient
readiness for discharge, which has been associated with fewer readmissions and
emergency department (ED) visits. The few studies that have examined nursing
continuity during acute care hospitalizations did not focus on discharge or post-discharge
outcomes.
Objectives: The aim of this research study was to examine the association of continuity
in nurse assignment to patients prior to hospital discharge with return to hospital
(readmission and ED/Observation visits), including exploration of the mediating pathway
through patient readiness for discharge and moderation effects of unit environment and
unit nurse characteristics.
Methods: In a sample of 18,203 adult, medical-surgical patients from 33 Magnet
hospitals participating in a randomized clinical trial evaluating implementation of
discharge readiness assessments, regression analysis with simultaneous equation
modeling was used to evaluate the impact of nurse continuity on readmissions and
ED/Observation visits within 30 days after hospital discharge and the mediating pathway
through discharge readiness measured by patient self-report and nurse assessments.
Moderating effects of unit environment and nursing characteristics were examined across
quartiles of unit environment (nurse staffing hours per patient day) and unit nurse
characteristics (education and experience). Analyses were adjusted for patient
characteristics, hospital fixed effects, and clustering at the hospital level.
Results: Continuous nurse assignment on the last 2 days of hospitalization was observed
in 6,441 (35.4%) patient discharges and was associated with a 0.85 absolute percentage
point (95% CI [-0.0166, -0.0004], p<0.05) reduction (7.8% relative reduction) in
readmissions. There was no significant association with ED/Observation visits.
Sensitivity analysis revealed a stronger effect in patients with higher Elixhauser
Comorbidity Indexes. Readiness for discharge was not a mediator of the effect of
continuity on return to hospital. Unit characteristics were not associated with nursing
continuity. No moderation effect was evident for unit environment and nurse
characteristics.
Discussion: Continuity of nurse assignment on the last 2 days of hospitalization can
reduce readmissions. Staffing for continuity may benefit patients and health care systems,

with greater benefits for high comorbidity patients. Nurse continuity should be a priority
consideration in assigning acute care nurses to augment readmission reduction efforts.
Key Words: Nurse Continuity, Readmissions, Emergency Department Visits, Return to
hospital
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CHAPTER I: INTRODUCTION

Efforts to decrease readmissions, with an emphasis on decreasing fragmented care
and preparing patients for discharge, are a prominent contemporary focus in health care
(Centers for Medicare and Medicaid Services [CMS], 2016; Leppin et al., 2014).
Continuity of nursing care is one strategy that has the potential to contribute to greater
patient readiness which has been associated with fewer readmissions and emergency
department (ED) visits (Bobay, Jerofke, Weiss & Yakusheva, 2010; Wallace,
Perkhounkova & Bohr, 2016; Weiss et al., 2007; Weiss, Yakusheva & Bobay, 2011;
Weiss, Costa, Yakusheva & Bobay, 2014). Nursing continuity, viewed as a nursing
structure variable for the purposes of this study, was defined as consecutive assignment
of a nurse to a patient on the day before and the day of discharge. Nursing continuity
provides the nurse both the time and the opportunity to accumulate knowledge of a
patient’s unique discharge needs during discharge preparation, which is a strategy to
increase readiness for hospital discharge and therefore decrease post-discharge utilization
(readmission and ED visits) (Weiss et al., 2015). Nursing continuity was examined in
relation to its influence on patient readiness for discharge and post-discharge utilization.
Statement of Problem

Continuity of nursing care has been a valued principle for many decades since it
was introduced within the concept of primary nursing (Manthey, Ciske, Robertson, &
Harris, 1970). There has been renewed interest in the past decade as healthcare systems
strive to improve hospital discharge processes and transitions in care (Haggerty, Roberge,
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Freeman & Beaulieu, 2013; Holland & Harris, 2007). Continuity has been studied, but
mainly in the context of consistent physician-patient relationships, care coordination
efforts, and information transfer (Bahr & Weiss, 2018). In these contexts, continuity of
care has resulted in increased patient satisfaction (Hesselink et al., 2012; Naylor et al.,
2004; van Walraven, Mamdani, Fang & Austin, 2004; van Walraven, Oake, Jennings, &
Forster, 2010b), increased follow-up with providers (Balaban, Weissman, Samuel, &
Woolhandler, 2008; Soler et al., 2009), and decreased number of readmissions (Coleman,
Parry, Chalmers, & Min, 2006; Jack et al., 2009; Naylor et al., 2004; Naylor et al., 2013).
There is evidence that continuity of care, in the form of care coordination and
continuity of physician providers, has decreased readmissions following the transition
from acute care to home (Coleman et al., 2006; Naylor et al., 2004; Naylor, Aiken,
Kurtzman & Hirschman, 2011; van Walraven et al., 2010c, van Walraven et al., 2004).
However, there is a paucity of literature examining acute care nurse continuity during
hospitalization in relation to outcomes during and following hospitalization. There have
been attempts, in the acute care setting, to examine the impact of nursing continuity (or
conversely, discontinuity) in the frequency of nursing assignment of individual nurses to
the same patient (Siow, Wypij, & Berry, 2013; Stifter et al., 2015a) on hospital acquired
pressure ulcers (Stifter et al., 2015a), length of stay, adverse events, infections (Siow et
al., 2013) and patient clinical condition (Yakusheva, Costa & Weiss, 2017). However,
the effect of nursing continuity on patient outcomes has been difficult to measure due to
an inconsistent use of definitions, multiple levels of measurement such as linking nurse
assignment to a patient at the individual nurse-patient, shift or unit level, inadequacies of
measurement strategies, and the unavailability of data linking nurse staffing assignments
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to patient data (Barimani & Vickstrom, 2015; Stifter et al., 2015b; Yakusheva et al.,
2017).
Post-discharge return to hospital in the form of readmission or ED visits is a
prevalent problem for adult patients, their family members, and healthcare organizations
(Grafft et al., 2010; Institute of Medicine, 2003; Maloney, Wolfe, Gesteland, Hales, &
Nkoy, 2007; Navarro, Enguidanos, & Wilber, 2012; Strunin, Stone, & Jack, 2007).
Comprehensive estimates of 30-day all cause readmission rates rank congestive heart
failure (23.2%), schizophrenia and other psychotic disorders (22.9%), and respiratory
failure (21.6%) as the most frequent index readmission diagnosis, but readmission
remains an issue for many diagnoses (Agency for Healthcare Quality [AHRQ], 2017;
https://hcup-us.ahrq.gov/reports/statbriefs/sb230-7-Day-Versus-30-DayReadmissions.jsp). High 30-day readmission rates have been independently associated
with lower patient satisfaction (Boulding, Glickman, Manary, Schulman & Staelin,
2011). In addition to patient satisfaction, these readmission rates result in an economic
burden for both patients and healthcare institutions. An estimated $17 billion in cost is
estimated to be avoidable in Medicare readmissions (AHRQ, 2014). Inadequate
discharge planning, teaching, and coordination are associated with increased Emergency
Department (ED) use and hospital readmission (Banja, Eig & Williams, 2007; Coleman
et al., 2006; Jack et al., 2009). Post-discharge utilization is an important outcome of
hospitalization linked to discharge preparation that is amenable to intervention by acute
care nurses (Weiss et al., 2011).
Discharge preparation is one area where the continuity of nursing assignment may
impact outcomes. It is through preparing the patient for discharge (as evidenced by
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readiness for discharge) that continuity in nursing assignments can be linked to
readmission and ED visits. During acute hospitalization, discharge preparation is
primarily the responsibility of the direct care nurse (commonly called the staff nurse).
Staff nursing is the frontline in patient care; yet the role is often ignored in studies despite
its complex role in patient discharge preparation (Nosbusch, Weiss & Bobay, 2011).
Continuous assignment of a nurse to a patient provides increased opportunities to engage
the patient, develop a relationship, and individualize the plan of care for discharge.
Inconsistent assignment of nurses to the same patients can limit the nurse’s opportunity
for repeat assessments and potentially affect the ability of the nurse to identify changes in
patient status (Cornwell, Levenson, Sonola & Poteliakhoff, 2012; Stifter et al., 2015b), as
well as provide care centered on the unique needs of the patient. A strong nurse-patient
relationship has the potential to increase readiness for discharge based on the
accumulated knowledge of the patient’s situation, needs, and perceptions. Readiness for
discharge is an outcome of discharge preparation, which is a key accountability of the
staff nurse (Weiss et al., 2015). Organizing nursing care to focus on continuity should
increase readiness for discharge, which has been associated with decreased readmission
and ED visits in several studies (Bobay et al., 2010; Wallace et al., 2016; Weiss et al.,
2007, 2011; Weiss et al., 2014).
There has been limited study of nurse continuity during acute care hospitalization,
and none to date on its effect on readiness for hospital discharge and post-discharge
utilization. A lack of evidence regarding the influence of nurse continuity on discharge
readiness and post-discharge utilization is a gap in knowledge related to the influence of
nurse staffing and its effects on patient outcomes. Understanding if there is a relationship
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between nurse continuity and both patient readiness for discharge and readmissions
provided evidence to prioritize how nurses are assigned in order to influence patient
outcomes.
Study Purpose

The purpose of this research study was to examine the direct influence of
continuity in nursing care during acute care hospitalization on post-discharge return to
hospital (Readmission and ED Visits) as well as the indirect influence of continuity in
nursing care through readiness for discharge and subsequent impact on post-discharge
return to hospital.
Significance

Significance to Patient Outcomes

Structures of care, other than nursing continuity, have been shown to impact
patient outcomes. Higher volume of staffing has been associated with increased
readiness for discharge (Weiss et al., 2011) while decreasing the odds of readmission and
ED visits (Bobay, Yakusheva & Weiss, 2011). Higher nursing hours per patient day are
directly associated with fewer readmissions and indirectly through the improvement in
the quality of discharge teaching (Howard-Anderson et al., 2014; Weiss et al., 2007;
Weiss et al., 2011). Discontinuity in acute care assignment was found to be high and
negatively impact a patient’s clinical condition (Yakusheva et al., 2017) which suggests
that continuity in nursing assignment should be prioritized as a strategy to improve

6
outcomes of hospitalization. Establishing a link between continuity in nursing care and
the proximal outcome of readiness for hospital discharge as well as the distal outcome of
decreased ED visits and readmission would provide a recommendation for structuring
and prioritizing the organization of nurse staffing.
Continuity in nursing care allows the time necessary for the development of a
therapeutic, patient-centered relationship driven by the needs of the patient (Curley,
2007). Patients place value on this relationship that allows their providers to know the
specifics of the current acute care hospitalization and their personal situation in order to
establish a mutually agreeable plan of care (Haggerty et al., 2003; van Walraven et al.,
2010b). To develop this plan, consistent nursing assignment to a patient facilitates the
development of accumulated knowledge about a patient with each nurse-patient
interaction (Cornwell et al., 2012). Continuity in nursing assignment is a strategy for
organizing care in a way that provides multiple opportunities for a nurse to develop this
unique, knowing (an accumulation of knowledge of a patient’s unique needs) relationship
that shapes how the nurse educates and prepares the patient for discharge. Measuring the
effect of continuity in nursing care on post-discharge utilization evaluated the
relationship between nursing care structure and post-discharge outcomes. It will promote
further research and the development of interventions around the structure of nursing care
and its effect on patient outcomes.
Significance to Nursing Practice and Care Systems

Nurses play a fundamental role in preparing patients for discharge, including
educating, communicating information, and coordinating activities of care. All of these
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activities require some level of knowledge about the patient in order to provide
individualized care. Health systems designed to promote continuity of care assume there
is a provider that forms a relationship with a patient and knows him or her as an
individual (Uijen, Schers, Schellevis & van den Bosh, 2012; van Walraven et al., 2010b;
van Walraven et al., 2010c), but staffing models are not consistently implemented that
assign the same nurse to a patient during the hospitalization, resulting in a lack of
continuity in acute care nursing assignments.
Nursing assignment to patients is often random even for patients with longer
lengths of stay for whom assignment for continuity should be relatively easy (Yakusheva
et al., 2017). Operationalization is an issue in prioritizing nursing continuity in the acute
care setting as there are many factors involved in the organization of staffing assignments
including, but not limited to, availability of staff, patient census, patient acuity, and
current staffing level. Acute care nursing units are not always able to plan the
organization of nursing to promote continuity in care and there is no research-based
information about unit-level factors that moderate the impact of continuity of nursing
care. However, the research study design incorporated unit level staffing variables,
including registered nurse (RN) education and RN experience, that could moderate the
relationship of continuity to patient outcomes (Barimani & Vickstrom, 2015; Stifter et al.,
2015b; Yakusheva et al., 2017) and provide support for this reorganization of nursing
care to promote continuity. Building the evidence base on acute care nursing continuity
beyond the small number of studies to link continuity to patient outcomes, would provide
support for prioritizing continuity in the structure of nursing care.
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Significance to Vulnerable Populations

Vulnerable populations are often defined as those that are at greater risk for poor
health status and access to care (Sellman, 2005). Vulnerability can also be considered as
an everyday part of the condition of being human as one is really never considered free
from risk. What does change is the level of risk and the capability of an individual to
handle the risk (Sellman, 2005). Hospitalized patients are required to take on new
information and challenges, making them more vulnerable as they may not have the
ability or tools to manage these new expectations (Meleis, Sawyer, Im, Messias, &
Schumacher, 2000). Multiple factors contribute to and increase the vulnerability of acute
care patients in the hospital. Among these are the overwhelmingly large amount of
clinical information of which patients and their providers must both process and
understand during a time of high stress and the fragmented communication between
providers as they prepare these individuals for discharge (Patel & Mourad, 2015). The
transition home from the acute care setting puts all patients in situations where they are
more vulnerable to risks related to fragmentation of care (van Walraven et al., 2010b),
missed care (Kalisch & Xie, 2014), and misinformation during transitions of care that
may affect their health (Meleis et al., 2000).
Patients who experience care across time and different settings are vulnerable as
they are expected to self-manage their care needs at home while learning new roles and
skills related to their disease. During these transitions, the patients and caregivers are
often the only common component (Coleman et al., 2006; Forster, Murff, Peterson,
Ghandi & Bates, 2003). Medicare patients often do not have a single provider who is
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assigned to their care and it is not unusual for a Medicare patient to see 7 different
doctors in a year (Pham, Schrag, O’Malley, Wu & Bach, 2007). Lower provider
continuity of care has been associated with higher rates or hospitalization, ED visits, and
testing (Amjad, Carmichael, Austin, Chang & Bynum, 2016), as well as poor disease
control (Maciejewski et al., 2017).
As healthcare has moved toward patients receiving care from multiple providers
and organizations, increased continuity has become a priority (Tarquini, Coletta,
Mazzoccoli & Gensini, 2012). Patient vulnerability to poor outcomes can be affected by
discontinuity in nursing care with older and high-mortality patients at greater risk
(Yakusheva et al., 2017). During acute care hospitalization, it is possible for nurses to be
a consistent factor in a patient’s care. Nurses have the ability to assist the patient in
managing the transition by preparing, educating, and facilitating the learning of new
skills (Meleis et al., 2000). During the vulnerable period of hospitalization, it is
important for the nurse to assist the patient in making decisions that contribute to, not
detract from, their ability to manage the discharge transition (Sellman, 2005).
Continuous assignment of a nurse offers regular opportunities to assess patients’
vulnerabilities and better prepare patients for managing post-discharge needs.
Increased nursing assignment for continuity should increase readiness for
discharge and decrease post-discharge utilization, both of which decrease patient risk
through reduction of exposure to the effects of missed care and poor coordination
associated with hospitalization. This study advanced the evidence base for developing
models of care to increase continuity and decrease patient vulnerability.
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Innovation

This study was innovative because it used a ‘big-data’ analytic approach with a
dataset derived from a multi-site study to link the structure of nursing (the assignment of
nurses to patients) to outcomes. Recently some studies have examined the composite of
continuity throughout hospitalization on patient level outcomes (Stifter et al., 2015b;
Yakusheva et al., 2017). This study aimed to approach the investigation differently than
prior studies by examining nurse continuity in close proximity to discharge versus
looking at continuity throughout hospitalization. It addressed the methodological
concerns of other studies by directly linking the individual discharging nurse to the
patient. In addition, while other studies defined continuity as fewer nurses or consecutive
days of care throughout the hospitalization, this study included a definition of continuity
specifying it as a structure variable related to the organization of nursing care during the
last two days of a patient’s stay. Demonstrating that the discharging nurse was assigned
the patient in close proximity to (the day before and day of) discharge allowed for
assessment of the direct impact of a single nurse on a single patient in order to connect
nurse assignment and patient outcome. In addition, while unmeasured, it can be
presumed that the time spent in close contact with a patient immediately prior to
discharge when discharge preparation becomes a main focus of care is a factor impacting
subsequent outcomes.
This study was also innovative with respect to its design. The study estimated the
trajectory of influence from pre-discharge nursing structure (continuity of nursing care)
to outcomes at discharge (readiness for discharge) and post-discharge (readmission and
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ED visits), potentially uncovering an explanatory mechanism of how hospital-based
nursing care impacts post-discharge utilization. The study addressed both direct and
indirect effects by examining the direct of effect of continuity on post-discharge
outcomes and a potential explanatory path from continuity, through readiness (indirect),
to patient outcomes.
Summary

Continuity is an important concept in nursing care because it provides a strategy
for organizations to deploy their nurses to direct patient care through nurse staffing
assignments that can affect patient outcomes. Focusing the organization of nursing
assignment on continuity with the intention of developing nurse-patient relationships has
the potential to increase readiness for discharge, and decrease post-discharge utilization.
In order to potentially uncover how nursing continuity affects both proximal (readiness
for discharge) and distal (readmission and ED visits) outcomes, this study assessed both
direct and indirect effects of the relationship of continuity on post-discharge utilization.
The insights gained from this study add to the knowledge base of continuity in nursing
care, contribute to the body of evidence on the structure of nurse staffing and patient
outcomes, and potentially provide a means to decrease hospital readmission.
Chapter one described the need for the study of continuity in nursing care and its
relevance to hospital discharge outcomes and summarized the statement of the problem
and the study purpose. This chapter presented the study’s significance to patient
outcomes, nursing practice and care systems, and vulnerable populations. Finally, the
innovative nature of the study was detailed.
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CHAPTER II: REVIEW OF THE LITERATURE

Chapter two includes a review of the conceptual framework guiding this proposal
and presents a conceptual-theoretical-empirical structure. The chapter described the
philosophical underpinnings of the study and identifies the assumptions within the study
design. A review of the literature synthesizes the current knowledge about continuity,
readiness for discharge, post-discharge outcomes, as well as unit environment and nurse
characteristics, and the relationships between the concepts in the proposed study. (A
manuscript synthesizing the literature on continuity of care is presented in Appendix B)
Finally, this chapter identifies the gaps in the literature, and describes specific aims of the
proposed research.
Conceptual Framework

Research should begin with a conceptual model which serves as a frame of
reference for both theory development and testing with empirical indicators (Fawcett,
1999). The theoretical framework underlying this research proposal is a recently
developed conceptual model of relational nurse continuity (Stifter et al., 2015b). This
model was selected as a guiding framework for the study because it includes key
concepts of interest to the investigation, specifically nurse continuity, patient outcomes,
unit environment characteristics, and nursing characteristics.
Relationships between the Conceptual Model and the Study Concepts
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Stifter conceptual model of relational nurse continuity. Stifter et al., (2015b)
decided to investigate relational nurse continuity due to a belief that the more time the
same nurse spent with the patient (continuity in assignment), the more likely the patient
and nurse were to get to know one another, which would have an effect on the quality of
care provided and ultimately influence patient outcomes. Following an unsuccessful
search for models containing relational nurse continuity, two models were found that
included nurse staffing variables linked to outcomes (O’Brien-Pallas, Meyer, Hayes, and
Wang, 2010; Irvine, Sidani & Hall, 1998). However, these models did not contain
relational nurse continuity as a defined concept and the conclusion was that a new model
was necessary to describe the influence of nurse continuity on patient outcomes.
Stifter developed the Stifter Conceptual Model of Relational Nurse Continuity
(2015b) loosely based on Donabedian’s Structure-Process-Outcome-Model (Donabedian,
2003). The Stifter Conceptual Model of Relational Nurse Continuity (2015b) depicts the
following relationships: (1) the effect of relational nurse continuity on patient outcomes;
(2) the modifying effect of relational nurse continuity on nurse characteristics (RN
education, RN experience, and RN work pattern) and the effect on patient outcomes; (3)
the modifying effect of relational nurse continuity on unit environment characteristics
(worked hours per patient day, nurse to patient ratio, and shift length) and the effect on
patient outcomes; and (4) the effect of patient characteristics on patient outcomes. The
first three relationships reflect the hypothesis that nurse continuity is a variable that can
either directly influences patient outcomes (relationship 1 of Stifter model) or potentially
moderate the effect of nurse staffing and/or unit environment variables (relationship 2
and 3 of Stifter model). The fourth relationship represents the influence of patient
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characteristics on patient outcomes (Stifter, 2015b). In 1-3, the assumption is that these
relationships will improve assessments, monitoring, and decision making and potentially
result in timely interventions and improved patient outcomes. The Stifter Conceptual
Model of Relational Nurse Continuity is in Figure 1.

Figure 1. Stifter Conceptual Model of Relational Nurse Continuity (Stifter et al., 2015b,
used with permission)

Stifter model redesign (Study Framework). In the Stifter Conceptual Model of
Relational Nurse Continuity, it is asserted that providing patients with consistent nurse
caregivers will lead to improved assessments, monitoring, and decision-making, which
will result in more timely interventions and ultimately improved patient outcomes.
Stifter defines nurse continuity as a percentage of time cared for by same RN from
previous day, but does not necessarily capture the role of the discharging nurse (Stifter et
al., 2015a). The framework for this study draws from the more general Stifter Model to
specify the concepts and relationships for the particular situation of continuity related to
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hospital discharge and its outcomes. In the study framework, the concept of nursing
continuity is narrowly defined as the discharging nurse having also cared for the patient
the day before discharge. This definition helps to capture the role of the discharge nurse
and the potential relationship with the patient as it depicts whether the nurse who
performed discharge activities with the patient had the opportunity (increased time) to
develop knowledge about the patient and provide discharge preparation that was
individualized for that patient. Discharge preparation occurs throughout hospitalization
and is a primary responsibility of RNs (Ashbrook, Mourad, & Sehgal, 2013), but much of
the specific teaching is done once the discharge plans are known on the last day of
hospitalization. Therefore, the continuity variable was constructed as a way to capture
whether the continuity of nursing care in the day prior to discharge and the day of
discharge has an effect on readiness for discharge and post-discharge outcomes. The
study framework (Figure 2) is below.

Figure 2. Study Framework
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While Stifter examined the influence of nurse continuity on outcomes in the
model, these outcomes were not related to the discharge transition. In the current study,
based on the literature on the relationship of readiness to post-discharge utilization,
outcomes are specified during hospitalization (readiness for discharge) and after
discharge (post-discharge utilization). It is noted that continuity could affect one or both
and that the hospitalization outcome (readiness for discharge) may be a mediator of the
distal outcome (readmission and ED visits). The framework for the study proposes that
continuity will work through readiness for discharge and have an inverse effect on
readmission and Emergency (ED) visits. This examination of readiness for discharge as a
mediator considers how a third variable affects the relationship between two other
variables (Mackinnon, Fairchild & Fritz, 2007) and provides a possible mechanism to
explain how a predictor variable might achieve its effects on outcomes (Kraemer, Wilson,
Fairburn & Agras, 2002). Similar to the Stifter model, the proposed study will not
include the intervening process variables, (assessment, monitoring, decision making, and
interventions) but assumes these nursing process variables are affected by continuity,
occur within the day before and day of discharge, and are essential to the achievement of
patient outcomes.
In the Stifter Conceptual Model of Relational Nurse Continuity, it is asserted that
nurse continuity modifies the relationships between nurse characteristics (percentage of
time a patient was cared for by an RN with at least two years of experience, percentage of
time a patient was cared for by an RN with a BSN or higher, and percentage of shifts by
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part-time RNs) or unit environment characteristics (average patient to nurse ratio,
percentage of 8-hour care shifts, and worked hours per patient day determined by
calculating the average worked hours per patient day for all days during a patient care
episode) and patient outcomes. As in Stifter’s model, the framework for this study will
examine the influence of the variables of nursing characteristics and unit environment
characteristics.
This model was adapted for this study to examine the direct relationship of
continuity of nursing care on post-discharge return to hospital, the potential mediating
effect of an intermediate outcome (Readiness for Hospital Discharge), and the
moderating effects of the context of care delivery, specifically unit environment and
nursing characteristics. However, in the model described by Stifter continuity is viewed
as moderator of the relationship of direct nursing care hours received by the patient and
the education of the nurses who provided direct patient care on outcomes, all measured at
the individual nurse-patient level. The current study framework is different in that it
reverses the conceptualization of the relationship of continuity with unit environment and
nurse characteristics. In the current study, unit environment characteristics and nursing
characteristics, both unit level variables, are viewed as moderating the relationship
between continuity and post-discharge outcomes, both patient level variables. The study
author believes in the current study it would only be possible for the unit level variables,
unit environment and nursing characteristics, to amplify or suppress the relationship
between the patient level variables, continuity and post-discharge return to hospital. The
framework for this study has been designed to denote a moderating effect of unit
environment (unit level variables) and nurse characteristics (unit level variables) on the
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relationship of continuity (patient level variable) to readiness for discharge and postdischarge utilization (Readmission and ED Visits) as proximal and distal outcomes. This
conceptualization is based on the premise that nursing continuity has varying effects on
post-discharge utilization depending on the differing values of the moderating variables,
nursing characteristics (RN Education and RN Experience) and unit environment
characteristics (RN Non-overtime Hours Per Patient Day, RN Overtime Hours Per Patient
Day, and Non-RN Hours Per Patient Day (hppd) (Mackinnon, 2011). The unit
environment and nurse characteristics have the potential to change the strength of the
relationship between continuity and post-discharge utilization (Kraemer et al., 2002). For
example, higher hours per patient day (HPPD), a unit environment characteristic, should
increase the opportunities for discharge preparation to occur. The more opportunities the
nurse is given with the patient, the more time is available to take advantage of continuity
in order to develop a relationship with the patient and individualize the discharge plan of
care.
In the Stifter Conceptual Model of Relational Nurse Continuity, Stifter indicates
that patient characteristics (nutrition, cognition, continence) influence assessment,
monitoring, and interventions which are not measured in the model and research. In the
study framework, and consistent with contemporary research, patient characteristics are
denoted as control variables because of a known association with post-discharge
utilization (Kansagara et al., 2011). This allows the independent effect of continuity to
be evaluated.
Conceptual-Theoretical Empirical Structure.
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Development of a Conceptual-Theoretical-Empirical Structure (CTE) guides the
identification of theoretical linkages between theoretical concepts, study concepts, and
empirical measures (study variables). The development of this structure creates a model
that allows for the study of the concepts of interest embedded in an established
framework (Fawcett, 1999).
Five constructs from the Stifter Conceptual Model of Relational Nurse Continuity
were chosen as study concepts: Nursing Continuity, Nursing Characteristics, Unit
Environment Characteristics, Patient Characteristics, and Patient Outcomes for the
proposed study. Nursing continuity is conceptualized for this study as the discharging
nurse being assigned the patient the day of and the day before discharge and
operationalized by nurse report of care provided by the discharging nurse on the day of
discharge and the day prior to discharge. For the purpose of this study, Nursing
Characteristics are conceptualized as descriptors of nurse education and experience,
operationalized by unit level variables related to the nursing staff including: Registered
Nurse (RN) education (%BSN-number of RNs with a BSN or higher divided by the total
number of RNs on the unit) and RN experience (Sum of years since obtaining RN license
for all RNs divided by the total number of RNs on the unit). Unit Environment
Characteristics are operationalized by unit–level staffing variables: RN non-overtime
hours per patient day (defined as the number of productive hours worked by RNs with
direct patient care divided by patient days), RN overtime hours per patient day (defined
as all hours paid at 1.5 times or greater than the base rate), and Non-RN hours per patient
day. Patient Characteristics, designated as control variables in the study because of an
association with variation in post-discharge utilization, are represented by the variables
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lives alone, age, race, ethnicity, gender, payer type, Major Diagnostic Categories (derived
from allocating all principle diagnosis categories derived ICD-9-CM and ICD-10-CM
into 25 mutually exclusive groups) (Agency for Healthcare Research and Quality, 2012),
Elixhauser Comorbidity Index, length of stay, prior hospitalization within 90 days, and
patient type. Patient Outcomes are represented by the Readiness for Hospital Discharge
Scale (both Patient-RHDS and RN-RHDS) and post-discharge utilization, which includes
the patient outcomes return to hospital (readmission and/or ED visit), readmission, or ED
visit, all within the 30-days post-discharge (0=no, 1=yes). The vertical relationships
between theoretical concepts, study concepts, and empirical measures are included in
Table 1 below.

Table 1. Conceptual-Theoretical-Empirical Linkages

21
While the Stifter’s Conceptual Model of Relational Nurse Continuity identified
the nursing structural constructs important to the study of continuity and patient
outcomes, the study framework has reconceptualized the Stifter model to specify the
specific relationships between structural and outcome variables, refine the specification
of unit environment and nurse characteristic variables to moderators of the relationship
between continuity and post-discharge utilization, and include the sequence of hospital to
post-discharge outcomes.
Philosophical Underpinnings of the Study

Historically, nursing has been associated with acquiring and developing
theoretical knowledge to influence and develop practice (Weaver & Olson, 2006) and this
includes utilizing paradigms to connect philosophy and science in research. Paradigms
are patterns of beliefs and practices that provide a framework and/or processes through
which to guide nursing research and standardize inquiry. Each paradigm is characterized
by its' ontological (nature of reality), epistemological (nature of the relationship of the
researcher) and methodological (how) approach to conceptualizing and guiding research
(Guba & Lincoln, 1994; Weaver & Olson, 2006). This section will outline the scientific
philosophy of Post-positivism which provides the lens through which the study was
viewed and guided the selection of study design and methodology.
Traditionally, scientific inquiry focused on observation and quantification of the
studied phenomenon (Guba & Lincoln, 1994). Positivism was the guiding philosophical
paradigm (Whall & Hicks, 2002), with an aim of predicting and controlling natural
phenomenon (Guba, 1990) through logic, precision, and empiric testing (Weaver &
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Olson, 2006). Positivism requires the researcher to remain detached and value free
(Guba & Lincoln, 1994). Many in nursing felt that this did not reflect nursing’s holistic
view of person nor the multidimensional components of the health continuum including
the context within which experiences occur (Guba, 1990).
In response to positivism’s failure to reflect the entirety of the human experience,
post-positivism emerged (Guba, 1990). Like positivism, post-positivism develops
knowledge based on careful observation and measurement with well-defined concepts
and variables and empiric testing (Creswell, 2014; Guba & Lincoln, 1994; Weaver &
Olson, 2006), but in post-positivism, contextual factors must be included in order to more
fully understand the complex relationships between variables (Monti & Tingen, 1999).
Post-positivism is a deterministic philosophy where the causes determine the outcomes
(Creswell, 2014), but although objectivity is the ideal, most results are considered
approximations and must be critically examined because humans cannot observe
everything (Guba, 1990).
This study was a secondary analysis of existing data and examined the influence
of nursing continuity on post-discharge utilization. Both the current and parent study
from which the data were obtained used a post-positivist view when contemplating the
method of the study. To fully explain the use of post-positivism in this study, the
ontology, epistemology, and methodology will be reviewed and examined in the context
related to this study.
Ontology, Epistemology, and Methodology
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Ontology describes the nature of reality (Guba, 1990). The ontology of postpositivism is one of “critical realism” meaning that we exist in a real world with real
causes, but the world is difficult to fully examine due to its multifaceted and evolving
nature. In this philosophical stance, it is impossible for humans to fully see an experience
and know if it is the truth, though an understanding that is an approximate of the truth can
be achieved (Guba, 1990; Guba & Lincoln, 1994). To understand the situation as fully as
possible, it is important for multiple dimensions to be explored through various
approaches. For example, the Readiness for Hospital Discharge Scale, which assesses
one of this study’s outcomes, is grounded in the post-positivist paradigm and contains
four dimensions measuring readiness for discharge from both the nurse and patient
perspectives. The research proposed in this dissertation will examine not only the effect
of nurse continuity on readiness for discharge and post-discharge utilization, but will also
examine the contributions or effects of other multifaceted variables (nursing
characteristics, unit characteristics, and patient characteristics), measured at the patient
and nursing unit levels of analysis, on the evolving context of discharge transition.
Epistemology describes the nature of the relationship between the researcher and
participants (Guba, 1990). The epistemology of post-positivism is “modified dualism”
(Guba & Lincoln, 1994). Objectivity is the main goal, but one must understand that
researchers always have some bias (Guba, 1990). It is important for the researcher to be
as neutral as possible. Mitigating some bias in research can potentially be accomplished
by recognizing that one is not value free in articulating assumptions. It is important to be
critical of one’s work, to present research plans to the judgment of peers, and to compare
generated knowledge to prior knowledge in order to assess the truthfulness of the results

24
(Guba & Lincoln, 1994). The involvement of a dissertation committee will allow for the
information to be examined by peers and mentors who will provide feedback throughout
the process. For this dissertation, the researcher has developed assumptions to guide
development both development and interpretation of the study in an attempt to decrease
bias.
Statement of assumptions of the study. Assumptions are given truths that are
fundamental to reasoning (Chinn and Kramer, 2011). Stating assumptions underlying
research is a strategy to avoid any subjectivity that could alter the interpretation of data
(Guba, 1990). The assumptions of this study are:
1. Post-discharge utilization is a function of not only the patient, but also of the provider and
hospitals’ ability to manage transitions.
2. Patients and nurses assess readiness through their own unique lenses.
3. Nurses have a fundamental role in preparing patients for discharge.
4. Nurse characteristics such as RN education and RN experience do not influence
continuity.
5. Knowing (developing a relationship with a patient and accumulating information about
the patient’s unique preferences which creates the possibility of individualized
intervention) the patient contributes to improved ability to care for the patient.
6. Nurses will make an effort to know the patient.
7. Nurses want to provide quality care to patients and develop a trusting, knowing
relationship with patients.
8. Patients want to develop a trusting, knowing relationship with their nurse.
9. Nurses are often not assigned the same patients on a continuous basis.
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10. The Readiness for Hospital Discharge Scale is a good measure of readiness for discharge.
11. Readiness is a risk indicator for readmission.
12. Nursing process variables such as assessment, monitoring, and decision-making (all
unmeasured in this study) are affected by continuity and are essential to the achievement
of patient outcomes.
Methodology describes how researchers go about searching for and obtaining
knowledge (Guba, 1990). The methodology of post-positivism responds to the fact that
one cannot rely on human senses and intellect solely. Post-positivism encourages critical
multiplism suggesting that findings must be based multiple sources, such as data, theory,
and investigators. Utilizing an approach that relies on multiple sources of data increases
the objectivity when interpreting results (Guba, 1990). In this study, the varied sources
of data include the electronic health record (EHR), administrative databases, and a selfreport instrument. Finally, concepts and variables will be clearly defined, and empirical
testing will aid in the understanding of the conceptual relationships. The post-positivist
philosophic stance is in line with the current study as it recognizes the complex,
multidimensional nature of the impact of nursing care on discharge transition outcomes
(Guba, 1990).
Review of the Related Literature

The review of the literature focuses on the major concepts and relationships to be
investigated in the study. This review includes the current, relevant information about
the relationships between the concepts, including any gaps in the literature.
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Continuity

The historical development of the concept of continuity resulted in a clarifying
model of continuity related to the hospital discharge transition and is present in the
manuscript titled A Clarifying Model for Continuity of Care in Appendix B. The purpose
of this review was to clarify the use of the terms: continuity, coordination, and
communication in the context of the hospital discharge transition. The literature for this
paper includes review of definitions of continuity, approaches to measurement of
continuity, and the limited number of studies on the impact of continuity on patient
outcomes. It resulted in the development of The Continuity Model delineating the
hierarchical and interdependent relationship of the key components of continuity
(continuity, communication, and coordination), which helps to differentiate the terms in
relation to their use in the context of the hospital discharge transition. In addition, The
Continuity Model provides a framework for the design of interventions to improve
continuity of patient care.
Measurement of Continuity and Patient Outcomes

The investigation into the measurement of continuity revealed there was not a
definitive measure of relational nurse continuity that would assist in accurately studying
the influence of nurse continuity on outcomes. There were subjective single questions to
measure nurses’ perception of continuity, but these did not quantify relational continuity.
There were also a number of indices used to examine the effect of acute care nurse
continuity on patient outcomes (Stifter et al., 2015b).
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The indices included: the Continuity of Care Index (dividing the number of
different nurses caring for a patient during a hospitalization by the number of nursing
shifts in that hospitalization) (Curley & Hickey, 2006; Siow et al., 2013), the Consecutive
Care Days (CCD) Index which elicits the maximum number of days a patient had the
same nurse (i.e. If nurses A, B, and C each care for a patient over a 3 days period the
CCD is 1, but if nurse A in the previous scenario had the patient 2 shifts the CCD is 2)
(Bostrom Tisnado, Zimmer & Lazar, 1994), and the Consistency Index (number of shifts
the patient hospitalized divided by number of care providers on a specific shift) (Bostrom
et al, 1994).
Recently, Stifter et al. (2015a) used data extracted from electronic health records
to examine the influence of nurse continuity, defined as the percentage of consecutive
care days during a patient care episode by the same registered nurse, on patient outcomes
(hospital acquired pressure ulcers) (Stifter et al., 2015a). Stifter calculated an index
called the Continuity Index by using the number of consecutive care days by any nurse
(except day 1) divided by the number of potential care days. For example, if one nurse
cared for the patient days 2 and 3, and another cared for the patient days 4 and 5, and then
different nurses were on for days 6 and 7 the calculation would be 4 consecutive care
days divided by 7 potential care days (4/7=.57). A score closer to 1 indicates greater
continuity (Stifter et al., 2015a).
These indices have not been successful in documenting the influence of nurses’
continuity of care on patient outcomes and all required the use of separate, unlinked data
sources for nurse staffing and patient data (Stifter et al., 2015b). These results may be
biased as summary indices can be skewed toward higher discontinuity for shorter length
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of stay. In addition, since patients with longer LOS have more opportunity to be cared
for by the same nurse many times, and they are at an increased risk for poor outcomes,
these studies might have understated the role of continuity (Yakusheva et al., 2017).
Finally, many studies did not account for the timing of continuity measures in relation to
outcome measures which can create bias and/or reverse causation (van Walraven et al,
2010b).
Readiness for Hospital Discharge

Transitional care is designed to ensure coordination and continuity of care as
patients transfer locations or levels of care (Naylor et al., 2011). The discharge transition
presents many challenges, including ensuring that patients and caregivers are “ready" for
this transition and the role requirements necessary to accomplish a successful transition.
Historically, readiness for discharge has been described as an estimate of patients’
and family members’ ability to leave a facility (Titler and Pettit, 1995). It was viewed as
an evaluation of strengths and needs in 5 areas including: physiologic stability,
competency of the patient and family to carry out self-management regimens, perceived
self-efficacy to carry out self-management regimens, available social support, and access
to health care systems and community resources (Titler & Petti, 1995). Readiness for
discharge has been described as “a complex, multidimensional multiphase phenomenon
that provides as estimate of a person’s ability to leave the hospital (Anthony & HudsonBarr, 2004, pg 119). Others have offered that discharge readiness can refer to the ability
of patients and caregivers to cope after transitioning from acute care (Lau et al., 2016).
Added to those descriptions can now be that increased readiness for discharge contributes
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to decreased readmissions (Weiss et al., 2014). These aspects capture the concept of
readiness for discharge as strengths, abilities, and contextual factors which has led to the
development of different measurement methods over time, including the Care Transitions
Measure (CTM) (Coleman, Mahoney & Parry, 2005), the Readiness for Hospital
Discharge Scale (Weiss & Piacentine, 2006), and the B-PREPARED tool (Graumlich,
Novotny & Aldag, 2008).
The Care Transitions Measure (CTM) (Coleman et al., 2004; Coleman, Mahoney
& Parry, 2005) and the Readiness for Hospital Discharge Scale (Weiss & Piacentine,
2006), both patient-centered, were developed in an effort to improve and provide
outcome measures of the effectiveness of the discharge process. The CTM measures the
quality and effectiveness of the transition from an acute care hospital to another location
of care. The CTM, which is administered 6-12 weeks post-discharge, specifically
measures a patient’s understanding of their role in their care, measures their
understanding of discharge medications, and measures whether or not their care included
consideration of their values and preferences. The CTM was shown to distinguish
between discharged hospital patients who would or would not have subsequent postdischarge utilization (ED visit or readmission) (Coleman et al., 2005).
At about the same time, the Readiness for Discharge Scale was developed to
measure patient perception of discharge readiness on the day of hospital discharge.
Readiness has often been measured as an outcome of hospitalization, and up until the
development of the Readiness for Hospital Discharge Scale (RHDS), few studies looked
at patient and families’ perceptions of readiness for discharge beyond “are you ready?”
and the dichotomous answer “yes” or “no” (Weiss & Piacentine, 2006). The Readiness
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for Hospital Discharge Scale includes the following subscales: personal status (physicalemotional state of the patient prior to discharge), knowledge (perceived adequacy of
information needed in the post-hospitalization period), coping ability (perceived ability of
the patient to self-manage personal and health care needs after discharge), and expected
support (emotional and instrumental assistance expected after discharge) and is measured
on the day of discharge (Weiss & Piacentine, 2006). The Readiness for Hospital
Discharge Scale continued to support the belief that a patient’s perception is an important
component of readiness for discharge (Weiss et al., 2007), but added that a patient's
readiness for discharge can and should be assessed from the perspective of the patient,
family, and/or care provider (Congdon, 1994; Reiley et al., 1996).
Following the development of the CTM and Readiness for Hospital Discharge
Scale, the B-PREPARED scale (Graumlich et al., 2008) emerged, which measured
patients’ perceptions for their preparedness for hospital discharge. The B-PREPARED
scale was measured one week after discharge and assessed the phenomena: prescriptions,
ready to reenter community, education, placement, assurance of safety, realistic
expectations, empowerment, and directed to appropriate services. The B-PREPARED
scale was also a patient self-report measure of perceptions of their preparedness for
discharge and discriminates between those who did and did not return to the Emergency
Department following hospital discharge (Graumlich et al., 2008).
All three measures described capture aspects of the perception of the patients’
preparedness for hospital discharge and have an effect on patient outcomes, but differ in
the timing of administration which can change the perspective that is measured and what
can be done about this perspective. The RHDS was chosen because it is patient-centered
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and captures patient readiness on the day of discharge. A measure of readiness on the
day of discharge allows the nurse to act upon the results, if necessary, and potentially
increase the patients’ ability to handle the transition to home. In addition, the RHDS is
used in a range of populations (Weiss et al., 2007; 2008; 2009; 2017) strengthening its
generalizability, has a strong association with post-discharge utilization (Weiss et al.,
2007; 2010; 2014; 2017), takes only 5-10 minutes to complete, is reported to be not
difficult to complete (Weiss & Piacentine, 2006).
Readiness for discharge has been associated with patient outcomes. Unplanned
30-day readmissions can be decreased by 20% with targeted efforts to help patients
understand discharge instructions and develop skills needed to support the patients’
ability to carry out the instructions (Leppin et al., 2014). Readiness for discharge has
been associated with post-discharge return to the hospital (Weiss et al., 2007).
Specifically, patient reported readiness for discharge has been associated with lower
readmission rates and post-discharge ED visits (Coffey & McCarthy, 2012; HowardAnderson et al., 2014; Jack et al., 2009; Weiss et al., 2010; Weiss et al., 2011). Nurse
assessment of readiness for discharge was more strongly associated with post-discharge
utilization than patient self-assessment (Weiss et al., 2010), and nurse assessment of low
readiness for discharge was associated with an increased readmission risk (Weiss et al.,
2014). Patient perception of readiness for discharge was increasingly predictive of postdischarge utilization of ED visits and readmission as people aged (Bobay et al., 2010).
The literature supports the assertion that readiness for discharge is inversely associated
with post-discharge patient outcomes.
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Post-Discharge Utilization: ED Visits and Readmission

Readmissions and ED visits are common, costly (Hines, Barrett, Jiang & Steiner,
2014; Jencks, Williams & Coleman, 2009; Leppin et al., 2014), indicate a need for
additional services (Leppin et al., 2014), and are often preventable (U.S. Department of
Health & Human Services, 2014). Recently, a review found wide variation in the number
of readmissions deemed preventable (5-79%) and the authors attributed this variation to
study methods and subjective criteria (van Walraven, Bennet, Jennings, & Austin, 2011).
However, the majority view these post-discharge encounters as preventable and as a
marker of the quality of care provided to the patient (Robert Woods Johnson Foundation,
2013), making them a prominent target to increase quality of care and decrease cost
(Leppin et al., 2014).
ED visits. Emergency visits are an important monitoring measure of the
occurrence of problems that patients are unable to self-manage, which may be associated
with the quality of preparation for discharge. Existing studies fail to differentiate ED
visits that result in readmission from those that result in discharge (Vashi et al., 2013). In
one study, nearly 18% of hospitalizations resulted in a post-discharge acute care visit
within 30 days, of which nearly 40% were ED visits; these visits were often related to the
patients original or index hospital diagnosis. Among the highest volume discharges in
the study, the index hospitalization was always the most common reason patients
returned to the ED (Vashi et al., 2013).
Readmissions. Readmission, on the surface, appears to be a simple “yes” or “no”
objective measure and is often proposed as an outcome indicator of hospitalization
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(Davies, Saynina, Schultz, McDonald, & Baker, 2013; Lemieux, Sennet, Wange,
Mulligan & Bumbaugh, 2012; Yam et al., 2010). However, it is difficult to make
comparisons due to the varying definitions of terms, methods of data collection, and
approaches to analysis (Yam et al., 2010). The Centers for Medicare and Medicaid
Services (CMS) use an "all cause" definition of readmission, meaning that hospital stays
within 30 days of discharge from an initial hospitalization are considered readmissions,
regardless of the reason for the readmission. This all-cause perspective is used in
calculating both the national average readmission rate and each hospital’s specific
readmission rate. Starting in 2014, CMS began making an exception for planned
hospitalizations (scheduled within the 30-day window); these are no longer counted as
readmissions (Boccuti & Casillas, 2015). CMS risk adjusts, which means that, in order to
facilitate a more accurate comparison, readmission measures are adjusted to account for
the differences in the demographics of care beneficiaries associated with higher rates of
readmission. Other entities measure readmission looking at all-cause readmission with
specific exceptions or drilling down to potentially preventable readmissions (Boccuti &
Casillas, 2015; Davies et al., 2013). Due to multiple definitions, defining how
readmission will be measured is an important first step in any study.
Any examination of post-discharge utilization must take into account that the
CMS hospital readmission reduction program holds hospitals accountable for all
readmissions, whether they occur at the hospital of the index readmission or at another
location. A recent study used data from 16 states to examine same-hospital readmission
and found that about 75% of readmissions, across multiple diagnoses, occurred at the
same hospital with a variation of rates across conditions (Henke et al., 2015). Another
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study focusing on those readmissions that are deemed preventable found a similar rate of
70% of patients readmitted at the same hospital (Fuller, Atkinson, McCullough, &
Hughes, 2013). Finally, another study examined heart failure discharges and revealed
that 20% of readmissions occurred at a different hospital, but with wide variation across
hospitals (Nasir et al., 2010). The variability of rates across conditions and hospitals has
led some authors to question the completeness of the captured data as patients may return
to other hospitals. Fully complete readmission rates will not be possible until all hospital
data are linked electronically (Henke et al., 2015; Nasir et al., 2010).
Continuity and post-discharge utilization (readmission and ED visits)

Readmission rates and ED visits are the outcomes most often associated with
continuity of care in the literature. Interventions designed to improve continuity of care
in the transition from hospital to home have been shown to decrease hospital
readmissions (Coleman et al., 2006; Hesselink et al., 2012; Jack et al., 2009; Naylor et
al., 2004; Naylor et al., 2013; van Walraven et al., 2010b), and emergency department
use (Jack et al., 2009; van Walraven et al., 2010b). In addition, a consistent provider in
primary and ambulatory care has been shown to reduce repeat hospitalizations (Bayliss et
al, 2015; Nyweide et al., 2013; van Walraven et al, 2010b; Worrall & Knight, 2011) and
is associated with patient satisfaction (van Servellan, Fongwa, & D’Errico, 2010; van
Walraven et al., 2010b). In acute care settings, discontinuity in the assignment of acute
care nurses has been shown to be high and to negatively impact patient clinical condition
(Yakusheva et al., 2017). Although, there has not been a direct link between nursing
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continuity and post-discharge outcomes, the literature provides support for the theoretical
relationship between continuity and post-discharge outcomes.
Continuity and Readiness for Hospital Discharge

Hospital discharge is a period often associated with a lack of continuity that
results in fragmented care and sub-optimal outcomes (Biem, Hadjistavropoulos, Morgan,
Biem, & Pong, 2003; Forster et al., 2004; Haggerty et al., 2003). During the transition
from hospital to home, risk exists for discontinuity caused by changes in location,
providers, and level of care (Naylor et al., 2011). From the patient’s perspective,
fragmented care can result in dissatisfaction, lack of preparedness for self-managing care,
and conflicting advice from caregivers (Bodenheimer, 2008; Coleman et al., 2006).
Many factors contribute to the lack of continuity of care: poor communication,
incomplete transfer information (Balaban et al., 2008; Coleman, 2003; Kripalani et al.,
2007), and lack of a professional leader to ensure continuity (Coleman, 2003; Naylor,
2003). The literature directly supporting the relationship between continuity of nursing
care prior to discharge and readiness for discharge is lacking, but, intuitively, a providerpatient relationship that allows increased opportunity to develop a relationship between
the nurse and the patient has the potential to increase patient readiness for discharge.
The patient-provider relationship must be patient-centered and driven by the
needs of the patient (Curley, 2007). The importance of the patient-provider relationship,
specifically the nurse-patient relationship, was identified in a meta-synthesis of
qualitative studies examining continuity of care. The results suggested that patients
emphasized the importance of experiencing a continuing relationship with the same
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person (Waibel, Henao, Aller, Vargas & Vasquez, 2011). Ongoing relationships with
nurses were found to provide comfort, which influenced decision-making, appointment
attendance, discussion of sensitive issues, and adherence to discharge plans (Pandhi,
Bowers, & Chen, 2007), patient knowledge development (Haggerty et al., 2007; Pandhi
& Saultz, 2006) and an accumulation of provider knowledge centered on the patient’s
unique needs (Burge et al., 2011) that is essential to providing care in line with the
patients’ needs (Kelley, Docherty, & Brandon, 2013).
Inconsistent definition and measurement of continuity in the nurse-patient
relationship have resulted in limited evidence linking nurse relational continuity to
patient outcomes (Bahr & Weiss, 2018; Stifter et al., 2015b). However, this “knowing”
relationship allows the nurse to accumulate knowledge and provides more opportunity to
get the patient ready for discharge. The literature above provides support for the need to
study the relationship between continuity and readiness for discharge.
Factors Affecting Readiness for Hospital Discharge, Readmissions/ED Visits

Discharging a patient from the hospital poses many challenges related to patient
preparation for both planned and unplanned readmissions. Readmission risk prediction
models have performed poorly and the majority rely on retrospective data on patient
characteristics and disease condition data rather than factors affecting discharge
preparation and readiness for discharge (Kansagara et al., 2011). Predictors of readiness
for discharge, readmissions, and ED visits are essential to understand as factors affecting
patient outcomes must be controlled in the analysis to allow the effect of the main
variable, continuity, to be evident.
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Factors affecting readiness for hospital discharge. Readiness for hospital
discharge is an important outcome of discharge preparation and has been found to be
affected by many factors, including patient, nurse, and unit environment factors.
Patient factors. Identification of patient factors that identify those at risk are
essential to optimizing preparation for discharge (Kansagara et al., 2011). Patient
characteristics, designated as control variables due to an association with variation in
readiness for discharge, are age (in years) (Bobay et al., 2010), length of stay, race (Weiss
et al., 2017), living alone (Titler & Pettit, 1995; Wallace et al., 2016; Weiss et al., 2007),
prior hospitalization (Jack et al., 2009; van Walraven et al., 2010a), and patient type.
Nurse factors. Acute care nurses are instrumental in preparing patients to leave
the hospital (Nosbusch et al., 2011; Weiss et al., 2015). Education has been associated
with decreased readmissions (Yakusheva, Lindrooth & Weiss, 2014), but there is
conflicting evidence associating RN experience (in years) to expertise (Bobay, 2004;
Bobay, Gentile & Hagle, 2009). It is logical to infer that the education and experience of
a nurse provides the nurse with an increased level of skill in preparing the patient for
discharge, which would be evident in the patients’ ratings of readiness for discharge.
Unit environment factors. There is some evidence connecting nurse staffing and
discharge readiness. Higher volume of staffing (higher RN hours per patient day) is
associated with an increased readiness for discharge (Weiss et al., 2011).
Factors affecting readmission and ED visits. The reasons for post-discharge
utilization are multifactorial making the predictors difficult to both identify and measure,
thus contributing to the difficulty in predicting post-discharge return to the hospital
(Kansagara et al., 2011; Leppin et al., 2014). Post-discharge utilization can be affected
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not only by the preceding hospitalization, but also by a variety of factors beyond the
providers’ control including, but not limited to, the home environment and social support.
One study found that the majority of unplanned readmissions were unrelated to the index
hospital diagnosis (Rosen et al., 2015). Another study found that almost 70% of heart
failure readmissions were due to comorbidities and not the index diagnosis (Davis et al.,
2010). The difficulty in identifying and measuring predictors indicates there are
variables beyond the patient’s diagnosis that need to be examined.
Patient factors. Recent research has indicated that patient level variables may be
the most important contributors to readmission (American Hospital Association [AHA],
2015; Merkow et al., 2015; Morris et al., 2016). A review examining risk prediction
models concluded that patient characteristics that influence self-care are often not made
known to providers and that identification of these predictors could identify those at risk.
Currently the most common patient level predictors in risk predictor models are
comorbidity, prior hospitalization, age, and gender (Kansagara et al., 2011). Including
more complex social factors, such as housing discontinuities or drug use, has been shown
to enhance the identification of patients at risk (Amarasingham et al., 2010).
Uninsured patients are nearly 3 times more likely to present at the ED following
a hospitalization (Burt, McCraig, & Simon, 2008). Recently, 58% of the national
variation in hospital readmission rates was explained by the characteristics of the county
where the hospital was located (Herrin et al., 2015) leading to the assertion that facilities
in poor communities are unfairly penalized (Andrews & Schulman, 2015). In a study at
the Veterans Health Administration, medical discharges and surgical discharges
accounted for 80.8% and 19.2%, respectively, of all unplanned readmissions (Rosen et
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al., 2013). However, readmissions for surgical and medical patients have significant
variation in rates between geographic locations (Lucas & Pawlik, 2014; Tsai et al., 2013).
Finally, it has also been determined that a patient’s readiness for hospital discharge
contributes to readmission rates (Weiss et al., 2007; Weiss et al., 2010; Weiss et al.,
2011; Weiss et al., 2014).
Patient characteristics, designated as control variables due to an association with
variation in post-discharge utilization, are: lives alone (dichotomous yes or no) (Herrin et
al., 2015; Morris et al., 2016); age (in years) (Basques, Varthi, Golinvau, Bohl, & Grauer,
2014; Kurtz et al., 2017; Morris et al., 2016;); race (e.g. American Indian or Alaska
Native, Asian, Black or African American, Native Hawaiian or Other Pacific Islander,
White, and unknown) (Kasotakis et al., 2014: Morris et al., 2016; Tsai, Orav & Joynt,
2014); ethnicity (e.g. Hispanic or Latino or not Hispanic or Latino) payer type (private,
Medicare, Medicaid, uninsured, other); Major Diagnostic Categories (Agency for
Healthcare Research and Quality, 2012; Amarasingham et al., 2010; Henke et al., 2015;
Herrin et al., 2015; Lochner, Goodman, Posner, & Parekh, 2013; Morris et al., 2016; van
Walraven et al., 2010a); Elixhauser Comorbidity Index (Elixhauser et al., 2016); length
of stay (total number of days from admission to discharge) (Kasotakis et al., 2014; Kurtz
et al., 2017; Sharif, Parekh, Peirson, Kuo & Sharma, 2014; van Walraven et al., 2010a);
prior hospitalization within 90 days (Jack et al., 2009; van Walraven et al., 2010a), and
patient type (Gerhardt et al., 2012; Tsai, Joynt, Orav, Gawande & Jha, 2013).
Nurse factors. Acute care nurse caregivers play an important role in preparing
patients for discharge (Nosbusch et al., 2011; Weiss et al., 2015). Recent literature
supports that the composition of the nursing staff has an effect on patient outcomes.
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More baccalaureate prepared nurses (BSN) working on a unit were associated with fewer
readmissions (Yakusheva et al., 2014), decreased mortality (Aiken, Clarke, Cheung,
Sloane, & Silber, 2003; Aiken et al., 2014; Blegen, Goode, Park, Vaughn & Spetz, 2013;
Kutney-Lee, Sloane & Aiken, 2013; Yakusheva et al., 2014) and decreased failure to
rescue (Aiken et al., 2003; Blegen et al., 2013; Van de Heede et al., 2009). Increased
nurse education and skill mix (Proportion of care by RN) had an inverse relationship with
infection and patient falls (Manojlovich, Sidani, Covell, & Antonakos, 2011).
Discharge preparation is a primary strategy to increase readiness for hospital
discharge and decrease post-discharge use (Weiss et al., 2015). Conversely, poor
discharge planning, teaching, and coordination are associated with increased ED use and
readmissions (Banja et al., 2007; Coleman et al., 2006; Jack et al., 2009). It is plausible
based on the literature examined that the education and experience of a nurse provides the
nurse with an increased level of skill in preparing the patient for discharge which has an
effect on the patient’s readiness for discharge and, ultimately, patients’ post-discharge
utilization.
Unit environment factors. There has been a rise in evidence connecting the
amount of nurse staffing and patient outcomes. Higher volume of staffing (higher RN
hours per patient day) decreased the odds of readmission (Bobay et al., 2011; Flanagan,
Stamp, Gregas, Shindul-Rothschild, 2016; Giulano, Danesh & Funk, 2016; Kim, Park,
Han, Kim, & Kim, 2016; Weiss et al., 2011) as well as ED visits (Bobay et al., 2011), and
decreased the odds of failure to rescue (Blegen, Goode, Spetz, Vaughn & Park, 2011).
Increases in RN workloads (an increase in patients assigned) have been associated with
higher odds of readmission (Giuliano et al., 2016; Ma, McHugh, & Aiken, 2015;
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McHugh & Ma, 2013). Decreased nurse-patient ratio was associated with a decreasing
rate of mortality (Aiken et al., 2014; Blegen et al., 2011). Higher nurse overtime has
been associated with more care left undone (Bruyneel et al., 2015; Griffiths et al., 2014),
produces lower quality care and decreased safety of patients from the nursing
perspective, and increases the risk for making an error (Rogers, Hwang, Scott, Aiken &
Dinges, 2004). Post-discharge utilization has been found to be influenced by higher RN
non-overtime staffing (Weiss et al., 2011). A recent study reported that compared to RNs
who did not work overtime, RNs working overtime reported an 88% increase in failing at
patient safety, a 45% increase in poor nursing care, and an 86% increase in care left
undone (Cho et al., 2016).
The evidence supports the investigation of the effect of unit environment
characteristics on patient outcomes. It is reasonable to believe that unit characteristics
should have an effect on the relationship of continuity of care to readmission. Continuity
in nursing assignment is related to the ability of the unit to structure the assignment of
nurses to patients with continuity in mind. For example, higher HPPD on a unit provides
greater opportunity to implement nursing continuity in assignments as there are more
nurses present. In addition, in the presence of a higher percentage of RNs and greater
HPPD, there is increased opportunity to take advantage of continuity in discharge
preparation
Summary of the Gaps in the Literature

Continuity has been studied, but mainly in the context of physician-patient
relationship, care coordination, and information transfer. Previous studies have
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demonstrated a positive association between interventions to increase continuity and
patient satisfaction as well as an inverse association between interventions to increase
continuity and readmission and ED use. However, nursing studies have not been able to
document outcomes due to measurement and methodological constraints of the studies.
The few studies that have considered continuity in acute care nursing have focused on
continuity over the course of hospitalization (number of consecutive care days of any
nurse throughout a patient stay or amount of coordination) and did not focus on discharge
or post-discharge outcomes, which provides a limited perspective. This study is novel
because it examined the contribution of the organization of nursing care assignments to
outcomes at discharge (readiness for discharge) and following discharge (readmission
and ED visits). In addition, the study directly linked the individual discharging nurse to
the patient within the measure of continuity. This captured the nurse caring for the
patient on both the day of and day before discharge and assisted in examining the
influence of continuity on discharge preparation and post-discharge utilization.
Clouding research in this area have been inconsistent definitions and
measurement of continuity in the nurse-patient relationship, which has resulted in limited
evidence to date indicating an association between nurse continuity in an acute care
situation and patient outcomes. In addition, a lack of research including the interaction of
both patient and unit level factors on the effect of nursing care has confounded the ability
to link nursing care to patient outcomes. This study used a clear definition of continuity
while examining the influence of individual nurse-patient assignment on readiness and
post-discharge utilization. The analysis also tested the potential moderating effects of the
unit level nursing and environment characteristics on the relationship between continuity
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and post-discharge utilization. Understanding the association between nursing continuity
and post-discharge patient outcomes will provide support to organize nurse staffing based
on the influence of continuity on patient outcomes.
Aims

The a priori hypothesis driving the development of the study was that patients
with greater continuity in nursing care during acute care hospitalization would have better
patient outcomes of hospitalization and after discharge. The aims of this study are:
Aim 1: To determine if continuity in nursing care contributes to reduced post-discharge
utilization (30-day readmission and ED visits).
Aim 2: To determine if readiness for discharge mediates the relationship between
continuity and post-discharge utilization (30-day readmission and ED visits).
Aim 3: To determine if unit environment characteristics (RN non-overtime hours per
patient day, RN overtime hours, and non-RN hours) contribute to continuity in nursing
care.
Aim 4: To determine if unit environment characteristics (RN non-overtime hours per
patient day, RN overtime hours, and non-RN hours) and nursing characteristics (RN
Education and RN Experience) have a moderating effect on the relationship between
nursing continuity and post-discharge utilization.
Summary

Continuity of care, specifically in the assignment of nurses to patients during
acute care hospitalization, could conceivably assist in changing the trajectory of patient
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outcomes following discharge. Entry and exit from the hospital place patients at risk for
poor continuity of care and high readmission rates lead to questions regarding the quality
of the care provided. Nurses have the opportunity to prepare patients to manage the
transition to home and staffing for continuity provides the nurse the consistent time
needed to develop the relationship necessary to plan and individualize the discharge
process. This study has the potential to validate the effect of a nursing structure variable
(organization of nurse staffing) on patient outcomes potentially changing the way staffing
assignments are delegated and influencing the care delivered.
This chapter included the theoretical model underpinning the study and the study
model derived from the underlying model. The chapter described the conceptualtheoretical-empirical-structure. A literature review of the literature of each concept
included in the proposed research design was presented. Post-positivism as the
philosophical stance guiding the study was explained and the assumptions were
identified. The chapter highlighted the gap in the literature that exists around the
relationship between nursing continuity and readiness for discharge as well as postdischarge outcomes and identified the aims of the study.
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CHAPTER III: RESEARCH DESIGN AND METHODOLOGY

Chapter three provides a review of the research design and methods proposed to
accomplish the study aims. The rationale for decisions regarding choice of setting,
selection of sample, data collection methods, and data analysis techniques is provided.
Methodological rigor and the protection of human rights are discussed. Finally, this
chapter concludes with a discussion of the limitations of the proposed study.

Research Design

The proposed study used a quantitative, correlational and comparative design in a
secondary analysis of data from a parent study entitled Readiness Evaluation And
Discharge Interventions (READI) (http://www.marquette.edu/nursing/readi-index.shtml).
The READI study aimed to evaluate the impact of unit-based implementation of
discharge readiness assessment on readmission and emergency department use within 30
days post-discharge. The READI study is a larger prospective, parallel cohort, stepped
implementation design study with four sequential cohorts of patients on units where a
baseline phase is followed by implementation in sequence of three discharge readiness
assessment protocols. These protocols include: (Phase 1) discharge readiness assessment
by the discharging nurse; (Phase 2) discharge readiness assessment by the discharging
nurses informed by prior patient self-report of discharge readiness; and (Phase 3) patientinformed nurse assessment, with the addition of an instruction to the discharging nurses
to initiate and document nursing actions for patients with identified low readiness.
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In addition to collecting data for the primary research purpose of evaluating the
impact of implementing discharge readiness assessments on readmissions and ED visits,
numerous nursing structure (staffing) variables were collected. Specifically, a nursing
continuity question was added as a variable. Collection of this variable allowed
exploration of the relationships of nurse continuity to discharge readiness and postdischarge utilization in the current study.
Aims with Hypotheses

Aim 1: To determine if continuity in nursing care contributes to reduced post-discharge
utilization (30-day readmission and ED visits).
Hypothesis 1: Greater continuity in nursing care will be associated with lower postdischarge utilization (30-day readmission and ED visits).
Aim 2: To determine if readiness for discharge mediates the relationship between
continuity and post-discharge utilization (30-day readmission and ED visits).
Hypothesis 2: The indirect relationship of continuity through readiness for discharge to
post-discharge utilization (30-day readmission and ED visits) will be stronger than the
direct relationship of continuity to post-discharge utilization (30-day readmission and ED
visits).
Aim 3: To determine if unit environment characteristics (RN non-overtime hours per
patient day, RN overtime hours and non-RN hours) contribute to continuity in nursing
care.
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Hypothesis 3: Unit environment characteristics (high RN hours per patient day, low RN
overtime hours, and higher proportion of care by RN) will be associated with higher
continuity in nursing care.
Aim 4: To determine if unit environment characteristics (RN non-overtime hours per
patient day, RN overtime hours, and non-RN hours) and nursing characteristics (RN
education and RN experience) have a moderating effect on the relationship between
nursing continuity and post-discharge utilization.
Hypothesis 4a: Unit environment characteristics (RN non-overtime hours per patient
day, RN overtime hours, and non-RN hours) moderate the relationship between nursing
continuity and post-discharge utilization. High RN hours per patient day, low RN
overtime hours, and higher proportion of RN care will amplify the relationship between
nursing continuity and post-discharge utilization.
Hypothesis 4b: Nursing characteristics (RN education and RN experience) moderate the
relationship between nursing continuity and post-discharge outcomes. Higher levels RN
education (%BSN) and RN experience will amplify the relationship between nursing
continuity and post-discharge utilization.
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Figure 3. Study Framework with Aims

Research Methods

Data Source

The READI study dataset includes over 144,000 patients from 31 MagnetDesignated hospitals in the United States. Data for the READI study were collected from
Electronic Health Records (EHR) and directly from patients and their discharging nurses
on the day of hospital discharge (http://www.marquette.edu/nursing/readi-index.shtml).
The proposed study used the following question from the nurse discharge readiness
assessment form: "Were you assigned to care for this patient yesterday?" to detect
continuity in nurse assignment during the last two days of hospitalization. This question
was inserted into the READI study by the researcher as part of the research plan for this
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study. The outcome measures, readmissions and ED visits within 30 days post-discharge
were obtained from patient-level data files submitted by READI study hospitals.
Data on discharge readiness (RN-RHDS) were collected directly from the nurses
on the day of discharge, in phases 1-3 of the study. PT-RHDS data were self-reported by
patients on the day of discharge in phases 2-3 of the study. Other data were abstracted
from nursing administrative databases (nursing and unit characteristics) and electronic
health records (patient characteristics). Electronic databases are considered the gold
standard (Cox et al., 2009) and have been shown to have high agreement (95%) with
paper records (Masoe, Blinkhorn, Colyvas, Taylor, & Blinkhorn, 2015).
Each hospital in the READI study created patient level data files that included a
hospital medical record and encounter number (unique patient identifier for the index
hospitalization), to permit linking to post-discharge utilization data. In addition, a deidentified nurse study ID was also included in the file so that the many patients
discharged by a single nurse could be clustered in the analysis. Hospitals linked these
data using specifications provided by the study team and then de-identified the files prior
to transmission to the READI study multi-site database. For the proposed study, readiness
for hospital discharge data, in the form of RN-RHDS and PT-RHDS scores, and postdischarge utilization, readmissions and ED visits in the first 30 days post-discharge were
extracted from the READI database.
Setting and Selection of Sample

An existing sample which included patients who were cared for by nurses, within
units, was utilized for this study. Magnet designated hospitals were recruited through the
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American Nurses Credentialing Center (ANCC). The patient sample included all patients
from implementation units where nurse and patient assessments of discharge readiness
were completed using the Readiness for Hospital Discharge Scale. Inclusion criteria
were the same as the parent study and the sample included adult (18+) medical-surgical
patients, discharged home with or without homecare, from the implementation units of 31
Magnet-designated hospitals from the original study. Exclusion criteria were: patients
who were discharged to hospice or left the hospital against medical advice (AMA), Saudi
Hospitals, and any length of stays less than one.
The sampling frame included those patients in the data base who had complete
nursing continuity question data and RN-RHDS and PT-RHDS data during Phases 2-3.
The sample included the entire sample of the implementation units of 31 Magnet
hospitals. When the READI database was completely constructed, an available sample
size was determined.
Measures

Continuity. Continuity in Nursing Care was operationalized by a nurse-reported
item, which was a question asking the discharging nurse “were you assigned to care for
this patient yesterday? This dichotomous variable “yes” or “no,” was recorded by the
nurse on the day of discharge nursing assessment. This question is based on the
definition of nursing continuity as relational continuity, which considers the unique
relationship that develops between a patient and a consistent provider (Stifter et al.,
2015b). Continuity was narrowly defined for this study as having the same nurse the day
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before and the day of discharge, in order to capture the period when the majority of
discharge preparation occurs.
Readiness for hospital discharge. In this study, the Readiness for Hospital
Discharge-Patient short form (PT-RHDS-SF) and the Readiness for Hospital DischargeNurse short form (RN-RHDS-SF) were used to assess a patient’s readiness for hospital
discharge. There are four attributes of readiness for discharge: personal status,
knowledge, coping ability, and expected support. This four-factor structure and
instrument construct validity are supported by confirmatory factor analysis, contrasted
group comparisons, and predictive validity testing (Weiss & Piacentine, 2006; Weiss et
al., 2011; Weiss et al., 2014).
The team developing the RHDS tool has accumulated a body of evidence that
allows for the recommendation of utilization of the RHDS as a standard hospital
discharge assessment (Weiss et al., 2011). The tool is designed to be used on the day of
discharge and the short form takes patients 5-10 minutes and nurses 2-5 minutes to
complete. Subjects are asked to respond by circling 0-10, with a zero indicating lower
perceived readiness and a 10 indicating greater perceived readiness. A cut-off score for
low readiness has been established in prior research (Weiss et al., 2014). The patient
self-report on the PT-RHDS is completed by the patient or read to the patient with the
response recorded by the nurse. A mean score of items on the scale is calculated,
resulting in a range of scale scores from 0-10. Scores are reported as item means to allow
easier comparison across study populations and analysis by subscale (Weiss &
Piacentine, 2006; Weiss et al., 2011). Some hospitals completed the forms on paper
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while others filled in electronic forms linked to the EHR. The PT-RHDS and RN-RHDS
short forms are located in Appendix C.
Patient-Readiness for Hospital Discharge Scale (PT-RHDS). The PT-RHDSSF is an 8-item short form of the original 21-item instrument, which measures a patient’s
perceived readiness for discharge. For the original 21-item instrument, content validity
testing, to determine the degree to which the items represent the concept (DeVon et al.,
2007), resulted in a content validity index (CVI) across all raters and items for the total
scale of .89 (adult, maternal) and .72 (parent) (Weiss & Piacentine, 2006). The 21-item
RHDS supported an association of patient perception of discharge readiness with postdischarge utilization (Weiss & Piacentine, 2006; Weiss et al., 2007; Weiss et al., 2011).
The PT-RHDS short form was derived by examining subscales and selecting two
items from each of the four subscales based on the highest item-to-subscale correlations.
Item reduction resulted in eight items (two per subscale) that explain 93% of the variance
in long form scores. Predictive validity testing indicated that higher PT-RHDS-SF were
predictive of less coping difficulty after discharge as reported by the patient (Weiss et al.,
2014). Reliability estimates were .83 for the PT-RHDS-SF. (Weiss et al., 2014).
RN-Readiness for Hospital Discharge Scale (RN-RHDS). The RN-RHDS
measures the nurse’s assessment of a patient’s readiness for discharge. The RN-RHDSSF is an 8-item short form of the original 21-item instrument developed as a parallel
measure to the PT-RHDS-SF. Predictive validity testing indicated that lower RN-RHDS
scores (<7) were predictive of a 6-9 fold increase in readmission risk (Weiss et al., 2014).
Nurse assessments were more predictive of combined post-discharge utilization
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(readmission/ED use) than patient self-assessment (Weiss et al., 2010). Reliability
estimates were .82 for the RN-RHDS-SF (Weiss et al., 2014).
Post-Discharge Utilization. To capture post-discharge utilization, patient level
data on readmissions and ED visits within 30-days post-discharge was extracted from
hospital electronic databases. Readmission and ED were provided by the hospitals as
dichotomous “yes” or “no” variables. The return to hospital variable was constructed
from this data and was defined for this study as three variables: return to hospital
(readmission and/or ED visit), readmission, or ED visit within the 30-days postdischarge.
A major factor affecting the accuracy of this measure is the chance that the patient
may be admitted to a different hospital other than the hospital from which the initial
discharge occurred. Until all health care facilities have a linked medical record, this will
be difficult to avoid (Henke et al., 2015; Nasir et al., 2010). In this study same hospital
post-discharge utilization was examined on the implementation unit, using fixed effects
for the unit. The rate of underreporting will vary by hospital depending on health system
and health care access issues for each study location.
Nursing characteristics. Nursing characteristics were descriptors of the
complement of nursing staff working on the implementation units. These variables,
measured at the nursing unit level, included: nurse education (%BSN-number of RNs
with a BSN or higher divided by the total number of RNs on the unit) and nurse
experience (sum of years since obtaining RN license for all RNs divided by the total
number of RNs on the unit). The variables were matched to the patient by discharge date.
These data were collected annually (nurse education, nurse experience) from nursing
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administrative databases using specifications consistent with National Quality Forum
(NQF) and were extracted to the study database.
Unit environment characteristics. Unit environment characteristics were the
features of the unit that contribute to the atmosphere of care. The unit environment
characteristics, which are unit-level variables, were extracted from the data set. These
variables were RN non-overtime hours per patient day (defined as the number of
productive hours worked by RNs with direct patient care divided by patient days), RN
Overtime hours (defined as all hours paid at 1.5 times or greater than the base rate), and
non-RN hours. RN hours per patient, RN overtime hours, and Proportion of care by RN
data were collected monthly) and were extracted to the parent study database.
Patient characteristics. Patient characteristics, which were designated as control
variables due to an association with variation in post-discharge utilization, were: lives
alone (dichotomous yes or no) (Herrin et al., 2015; Morris et al., 2014), age (in years)
(Basques et al., 2014; Bobay et al, 2010; Kurtz et al., 2017; Morris et al., 2014), gender
(male or female), race (American Indian or Alaska Native, Asian, Black or African
American, Native Hawaiian or Other Pacific Islander, White, and unknown) (Kasotakis et
al., 2014; Morris et al., 2014; Tsai et al., 2014), ethnicity (e.g. Hispanic or Latino or not
Hispanic or Latino), payer type (private, Medicare, Medicaid, uninsured, other)
(Amarsingham et al., 2010; Herrin et al., 2015; Lochner et al.,, 2013; Morris et al., 2014),
Major Diagnostic Categories (derived from allocating all principle diagnosis categories
derived ICD-9-CM and ICD-10-CM into 25 mutually exclusive groups) (Agency for
Healthcare Research and Quality, 2012), Elixhauser Comorbidity Index (Elixhauser et al.,
2016), length of stay (total number of days from admission to discharge) (Kasotakis et

55
al., 2014; Kurtz et al, 2017; Sharif et al., 2014; van Walraven et al., 2010a), prior
hospitalization within 90 days (Jack et al., 2009; van Walraven et al., 2010a) and patient
type. These variables originated in the electronic hospital records and were extracted to
the study database.
Procedure

This study was a secondary data analysis of a parent study approved through both
the Marquette University and participating hospitals’ IRBs. IRB approval was not
required (Appendix D). All data in the READI website were de-identified and stored in a
password protected cloud. Data were retrieved from the READI study data website and
are only accessible to the READI study team.
Data was examined for missing values. It was expected that there will be some
missing data. For PT- and RN-RHDS data, if no more than 50% of items (up to 4 items)
are missing, the item mean of the completed items was used, otherwise the subject was
eliminated from the study (Mazza, Ender, & Ruehlman, 2015). If nursing or unit
environment characteristics were missing, patients were dropped case-wise from the
relevant analyses.
Plan for Data Analysis

The data analysis plan was developed in collaboration with Dr. Weiss, Dr.
Yakusheva, and Dr. Bang. Analysis was completed by Dr. Yakusheva and Dr. Bang.
Study aims were examined using patient-level hierarchical multiple linear and logistic
regression models for readiness for discharge and return to the hospital (readmissions and
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ED/Obs visits) (Aim 1&2). The series of equations in the simultaneous equation
regression model estimated in sequence the direct effect of continuity on post-discharge
outcomes (Aim 1) and the indirect effects through PT-RHDS and RN-RHDS (Aim 2).
Simultaneous equation modeling using the seemingly unrelated regression equations
estimation function in Stata version14 (Statacorp, 2015) allows for the examination of
both direct and indirect effects of predictor variables while reducing error that occurs
from multiple analyses of the same data (Clayon & Pett, 2011).
For Aim 1, we examined the direct effect of continuity on return to hospital
(readmissions, ED/Obs visits) using patient-level logistic regression. For the test of
mediation in Aim 2, we used patient-level multiple linear and logistic regression for a
series of equations in a simultaneous equation regression model to estimate in sequence
the effects of continuity on readiness for discharge (PT-RHDS, RN-RHDS) and return to
the hospital (readmissions and ED/Obs visits), Simultaneous equation modeling using the
seemingly unrelated regression equations estimation function in Stata version 14
(Statacorp, 2015) allows for the examination of multiple equations while reducing error
associated with multiple analyses of the same data (Clayton & Pett, 2011). This approach
also allowed us to test for the key criteria of a mediating effect: 1) variation in nursing
continuity significantly accounted for variation in readiness for hospital discharge, 2)
variation in readiness for hospital discharge significantly accounted for variation in postdischarge return to hospital, and 3) when controlling for criteria 1 and 2, a previously
significant relationship between nursing continuity and the post-discharge return to
hospital no longer achieves significance. Then we calculated direct and indirect path
effects (Baron & Kenny, 1986). The equations for the path of influence through readiness
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for discharge were estimated as a sequential path from continuity to patient-reported
readiness to nurse assessment of readiness (Figure 1) to outcomes. This approach was
consistent with the READI study intervention, where patients completed their self-report,
which their nurses reviewed before completing their own independent assessment, based
on patient input and their awareness of other factors influencing their patients’ readiness
for discharge.
To examine the effect of unit environment characteristics on continuity (Aim 3),
we used logistic regression, regressing continuity on unit environment characteristics. For
Aim 4 examining the moderating effect of unit-level variables (unit environment and unit
nursing characteristics), we performed logistic regression of readmission and ED/Obs on
continuity across the 4 quartiles of the distribution of each unit environment and unit
nurse characteristic variable. This method was chosen to determine the marginal effects
at each quartile of the unit environment and nurse characteristics and compare contrasts
between quartiles. Significant differences at p<.05 indicate an increase (or decrease) in
the effect of continuity on readmission or ED/Obs.
All models included patient characteristics as control variables as well as fixed
effects for hospital unit. Level of significance was set at p=.05 for a two-tailed test. All
statistical analyses were completed using Stata version 14 (Statacorp, 2015).
Use of Measures to Reduce Sources of Error in Study

The protocol for the use of the RHDS scales is clearly described in the
instructions for each tool located at the top of each paper and electronic scale and in the
standardized education provided to nurses from all implementation units by the READI
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study team. Education around the RHDS in the parent study occurred at multiple levels
and times throughout the study. A site Principal Investigator served as the master trainer
and coordinator of training. Site PIs/Masters Trainers were trained by the study team.
The training was done via Go-To-Meeting webinar, and all training documents were
available on the study website. PowerPoint slides contained voice-over for online training
purposes for staff unable to attend in-person training. Follow-up was done regularly
throughout the study with each site to check with site PIs for any issues regarding the
study requirements. Fidelity checks on training were completed. The percentage of
nurses trained was submitted by each site with a goal of 100%; training fidelity exceeded
90%.
The site Principal Investigator served as coordinator for the study at each hospital
site, and each hospital had a contact person on the study team if any questions arose
about data collection. In order to discuss the best mode of extracting electronic patient
data files, meetings with IT staff were established early. The plan for data entry was
explained to each site and was in a format from which data could be audited. Files were
scanned on submission for completeness of field and readmission rates. Unexpected
levels of missing data or readmission rates were reviewed with the site PI for accuracy
and corrected files were requested if necessary. Any missing data for readmission was
pursued and investigated by the site PI.
Provisions for Protection of Human Rights

This secondary analysis was part of a multi-site study already approved through
Marquette University Internal Review Board (IRB) and the involved hospitals’ IRBs. An
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application for this analysis was completed through the MU IRB for an exempt status as
the research involves studying existing data that is recorded in a manner that subjects
cannot be identified directly or through identifiers linked to the subject (Appendix D).
All patient data were de-identified by site PIs before being released to the research team.
Patient data were extracted from electronic records and RN data forms. This study posed
minimum risk to participants. The researcher completed the Collaborative Institutional
Training Initiative (CITI) training modules for investigators.
Limitations

There were a few limitations to this study. First, similar to the Stifter model,
intervening (process) variables, such as assessment, monitoring and decision-making,
were unmeasured in this study as the foci are structure (nursing continuity) and outcome
(post-discharge utilization). These variables could have diminished or augmented the
impact of continuity on the selected outcome variables, PT-RHDS, RN-RHDS, and postdischarge utilization. Since the process by which continuity impacts outcomes was not
necessarily captured in this study it will need to be considered in future studies in order to
build on the understanding of nursing’s influence on outcomes.
The metric same-hospital readmission was also a limitation in this study. There is
variability of rates across hospitals and conditions and full capture of readmission data is
difficult (Fuller et al. 2013; Henke et al., 2015; Nasir et al., 2010). In a study of CMS
heart failure readmissions, the mean difference between all- versus same-hospital
readmissions was 4.7 +/- 1% (Nasir et al., 2010) and another study of Medicare patients
involving 3 surgical procedures found the all-hospital readmission rate to be 13.7%
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compared to 8.4% same-hospital readmission rate (Gonzalez, Shih, Dimick & Ghaferi,
2013). When only same hospital readmissions are included in analyses, some patients
will be coded as no occurrence when in fact they had a readmission or ED occurrence in
another facility. The degree to which this influences analysis of the relationship between
continuity and post-discharge utilization will depend on the rate of data not captured and
the randomness of other-hospital readmission or ED visits. It is understood that in this
study, readmission was most likely underestimated due to the use of same hospital
readmission data.
Another limitation is that the PT-RHDS was a patient-reported assessment. The
PT-RHDS captures the reality experienced by the patient, but may not necessarily capture
the clinical reality. In addition, the nurse assessment is informed by the patient
assessment, except in Phase 1. The nurses’ perception is more likely to be based on the
clinical reality, but once they examine the patient assessment it is possible that the
nurses’ assessment may be influenced by the patient perception.
There were also some limitations related to data collection. First, nurse and unit
characteristic variables were measured at the unit level and unit-level measures are
monthly or quarterly only so are unable to capture a particular day. Finally, the data
collected from this study came from a large multi-site, Magnet hospital study which
precludes inference to patients and nurses in non-Magnet hospitals.
Collaborative Support
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No collaborative support arrangements were necessary for this study.
Collaborative arrangements with Magnet hospitals were already in place through the
parent study from which data was collected.
Consultative Support

Dr. Marianne Weiss, the faculty advisor for this research, provided mentorship
and primary support for this research. Dr. Weiss has extensive expertise with the RDHS
and the concept of readiness, having developed the tool utilized in the proposal. Dr.
Weiss is the PI on the parent study.
The READI team, who conducted the original study, was available for questions
regarding the study. The study team consists of Dr. Weiss, Dr. Bobay, Dr. Costa, and Dr.
Hughes, Dr. Bang, and Dr. Yakusheva. In addition to their roles on the READI team, Dr.
Yakusheva and Dr. Bang, both econometricians, provided consultation on the research
plan as well as design and execution of the data analysis plan.
Summary

This chapter describes the design and method for the proposed study. A complete
explanation of sample, data collection procedure, data management, and data analysis
was provided. The chapter concludes with a discussion of the provision for protection of
human rights as well as the study limitations.
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CHAPTER IV: RESULTS

This chapter represents the results of the data analysis for the stated research
questions. The results of the data analysis are included in the manuscript titled “The
Effect of Continuity of Nursing Care at Discharge and Readmission” (Appendix E).
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CHAPTER V: DISCUSSION, IMPLICATIONS, AND CONCLUSIONS

This chapter includes the discussion of findings, implications for practice,
recommendations for further research, and conclusions from the study. This chapter will
also include notable findings for vulnerable populations and nursing education.
Discussion of study findings, implications for practice, recommendations for further
research, and conclusions are found in the manuscript titled “The Effect of Continuity of
Nursing Care at Discharge and Readmission” (Appendix E).
Significance to Vulnerable Populations

This study’s findings revealed that increased nursing assignment for continuity
was associated with a lower likelihood of post-discharge utilization. The effect of
continuity on return to hospital was stronger in more complex patients (higher Elixhauser
Comborbidity Index).

These findings present an opportunity to structure nursing care in

a manner that reduces return to the hospital in an already vulnerable patient population.
The transition from hospital to home puts patients in a vulnerable position where they
may be at risk for fragmented care (van Walraven et al., 2010b) and missed caring
(Kalisch & Xie, 2014) during the transition, both which can result in readmission.
This study provided evidence of the importance of continuity as a component of
models of care. Older patients with multiple chronic conditions are more vulnerable to
the possibility of care fragmentation (Starfield, Lemke, Herbert, Pavlovich & Anderson,
2005). These patients with more complex care needs have an increased need for
continuity of care (Waibel et al., 2011), but continuity of care during hospitalization
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remains low (Yakusheva et al., 2017). As the focus on decreasing readmission continues
it will be important to tailor interventions, including how nurses are assigned to patient,
that will assist in decreasing healthcare disparities. The findings of this study provide an
opportunity to reduce readmissions in vulnerable populations by organizing nursing care
focused on continuity of care.
Significance to Nursing Education

This study demonstrated the importance of how the structure of nursing care,
specifically in the form of continuity of nursing care, has an impact on patient outcomes.
The study further revealed that there was no moderating effect of nursing education on
the relationship of continuity and post-discharge return to hospital. However, the
findings indicated in the lowest quartile BSN, readmissions were reduced, but patients
were more likely to have an ED visit that did not result in a readmission. At the highest
quartile of BSN staffing, readmissions were reduced without the shift to Ed/Obs visits.
These findings support the growing body of evidence supporting national
recommendations to staff hospital units with a high percentage of BSN educated nurses
(Blegen, Goode, Park, Vaughn & Spetz, 2013; IOM, 2011, Yakusheva, Lindrooth &
Weiss, 2014). Encouraging universities to increase BSN education opportunities, nurses
to pursue BSN education, and hospitals to hire a higher percentage of BSN prepared
nurses is essential to improving patient outcomes.
Discharge preparation is an important nursing function and assigning nurses with
a focus on continuity of discharge care will contribute to readmission reduction as a nurse
sensitive outcome. Nurses play an important role in the discharge period and this study
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highlights the importance of both the education level of the nurses as well as how nursing
care is assigned. Study findings should be incorporated into nursing education so that
staff nurse as well as administrators understand the implications of how patients are
assigned on a unit. The study informs both nurses and administrators that assigning
based on continuity of care can impact post-discharge return to hospital.
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The Effect of Continuity of Nursing Care at Discharge and Return to Hospital
Abstract
Background: Promoting continuity of nursing care has the potential to increase patient
readiness for discharge, which has been associated with fewer readmissions and
emergency department (ED) visits. The few studies that have examined nursing
continuity during acute care hospitalizations did not focus on discharge or post-discharge
outcomes.
Objectives: The aim of this research study was to examine the association of continuity
in nurse assignment to patients prior to hospital discharge with return to hospital
(readmission and ED/Observation visits), including exploration of the mediating pathway
through patient readiness for discharge and moderation effects of unit environment and
unit nurse characteristics.
Methods: In a sample of 18,203 adult, medical-surgical patients from 33 Magnet
hospitals participating in a randomized clinical trial evaluating implementation of
discharge readiness assessments, regression analysis with simultaneous equation
modeling was used to evaluate the impact of nurse continuity on readmissions and
ED/Observation visits within 30 days after hospital discharge and the mediating pathway
through discharge readiness measured by patient self-report and nurse assessments.
Moderating effects of unit environment and nursing characteristics were examined across
quartiles of unit environment (nurse staffing hours per patient day) and unit nurse
characteristics (education and experience). Analyses were adjusted for patient
characteristics, hospital fixed effects, and clustering at the hospital level.
Results: Continuous nurse assignment on the last 2 days of hospitalization was observed
in 6,441 (35.4%) patient discharges and was associated with a 0.85 absolute percentage
point (95% CI [-0.0166, -0.0004], p<0.05) reduction (7.8% relative reduction) in
readmissions. There was no significant association with ED/Observation visits.
Sensitivity analysis revealed a stronger effect in patients with higher Elixhauser
Comorbidity Indexes. Readiness for discharge was not a mediator of the effect of
continuity on return to hospital. Unit characteristics were not associated with nursing
continuity. No moderation effect was evident for unit environment and nurse
characteristics.
Discussion: Continuity of nurse assignment on the last 2 days of hospitalization can
reduce readmissions. Staffing for continuity may benefit patients and health care systems,
with greater benefits for high comorbidity patients. Nurse continuity should be a priority
consideration in assigning acute care nurses to augment readmission reduction efforts.
Key Words: Nurse Continuity, Readmissions, Emergency Department Visits, Return to
hospital
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Relational continuity of care, a consistent relationship between a provider and a
patient that occurs over time and/or across care settings (Bahr & Weiss, 2018) is an
important aspect of patient-centered care (Haggerty et al., 2003). Continuity of care has
mainly been studied in the context of the physician-patient relationship, care coordination
efforts (management continuity-a consistent approach that responds to changing needs
[Haggerty et al., 2013]), and information transfer (informational continuity-the use of
past events to make decisions [Haggerty et al., 2013]) between providers and venues of
care (Bahr & Weiss, 2018). In these contexts, greater continuity of care was associated
with increased patient satisfaction (Hesselink et al., 2012; van Walraven, Oake, Jennings
& Forster, 2010a), increased follow-up with primary care providers (Balaban, Weissman,
Samuel & Woolhandler, 2008), and fewer readmissions (Coleman, Parry, Chalmers &
Min, 2006; Naylor, Aiken, Kurtzman, Olds & Hirschman, 2011; van Walraven et al.,
2010b). There has been limited study of relational nurse continuity during acute care
hospitalization and none regarding the influence of continuity in nurse staffing
assignments on post-discharge outcomes.
The body of evidence linking continuity of nursing in the acute care setting to
patient care outcomes is limited to a few studies, each using different approaches to
measure relational continuity, that have produced mixed results. Using a patient-level
measure of continuity aggregated over the course of hospitalization (number of different
nurses assigned to the patient/total number of shifts hospitalized), Siow, Wypij, and
Berry (2013) found that sicker patients were more likely to receive continuity of nursing
care, but continuity was found to have no influence on patient outcomes (length of stay,
adverse events, infection). Stifter et al. (2015a) examined the impact of nurse continuity,
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using a different aggregate measure of relational continuity (consecutive care days with
the same nurse from the previous day/total care days during the hospitalization), on
hospital acquired pressure ulcers (HAPUs) and found nurse continuity to be low on all
units and with no influence on HAPUs. When measured at each patient care encounter
(from the electronic health record [EHR]), discontinuity (assignment of a nurse who had
not previously been assigned to the patient) negatively impacted patient clinical
condition, with greater effect in high mortality risk patients and the elderly (Yakusheva,
Costa & Weiss, 2017).
Continuity of assignment of nurses to patients in acute care settings is a
management strategy to organize care that enables the nurse to accumulate information
about the patient with each interaction (Stifter et al., 2015b). Inconsistent assignment of
nurses can limit the nurse’s opportunity for repeat assessment and potentially affect the
ability of the nurse to identify changes in patient status. Repeated assignment of a nurse
to a patient provides increased opportunities to engage the patient, develop a relationship,
and individualize the plan of care.
Discharge preparation is one area that could be impacted by continuity of nursing
care. Discharge preparation requires information exchange, planning, and coordination
between the patient, family members, and providers (Hessalink et al., 2012; Weiss et al.,
2015). Knowledge accumulated during repeated assignment promotes quality teaching in
the form of consistent education to patients and family members and assists in planning
timing of individualized educational content (Uijen, Schers & van Weel, 2010; Zolnierek,
2014). High quality of discharge teaching is a predictor of patient readiness for hospital
discharge (Weiss, Yakusheva & Bobay, 2011), which in turn leads to fewer readmissions
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and emergency department visits (Weiss, Costa, Yakusheva & Bobay, 2014; Weiss,
Yakusheva & Bobay, 2010, Weiss et al., 2011). Evidence is lacking to support the direct
relationship between continuity of nursing care and readiness for discharge; but
theoretically, continuity may provide greater opportunity for dialogue and assessment of
patient needs and preferences for the discharge transition, promoting patient readiness for
discharge and reducing the likelihood of post-discharge return to hospital.
This study seeks to understand the relationship between continuity of nursing
care, patient readiness for discharge, and post-discharge return to the hospital in order to
provide evidence for decisions about deployment of nursing staff. With current United
States payment models that include penalties for unplanned readmissions (Centers for
Medicare and Medicaid Services [CMS], 2019), mechanisms for delivery of nursing care
that contribute to readmission reduction need to be identified.
The primary aims of this study were to examine: (Aim 1) the association of
relational continuity of assignment of the discharging nurse and post-discharge return to
the hospital for readmission or Emergency Department (ED)/Observation (Obs) visits
within 30 days after discharge; (Aim 2) the role of the patient’s readiness for hospital
discharge as a mediator of the association of continuity of nursing care and postdischarge return to hospital. Supplemental aims were to examine the effect of the context
of care delivery at the unit level to determine if: (Aim 3) characteristics of the nursing
care unit (nurse staffing levels in hours per patient day) contribute to nurse continuity;
(Aim 4) characteristics of the nursing care unit and characteristics of the nursing staff
(RN education and RN experience) moderate the relationship between nurse continuity
and post-discharge return to hospital.
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METHODS

The design for this study draws from variables included in the Stifter Conceptual
Model of Relational Nurse Continuity (Stifter et al., 2015b). The Stifter Model includes
the concepts nursing continuity, nursing characteristics, unit environment characteristics,
patient characteristics, and patient outcomes. The model theorizes that providing patients
with consistent nurse caregivers will lead to improved assessments, monitoring, and
decision-making, which results in more timely interventions and ultimately improves
patient outcomes. In the Stifter Model, continuity moderates the relationship of direct
nursing care hours received by a patient and the education of the nurses who provided
direct patient care with patient outcomes, all measured at the individual nurse-patient
level. We adapted this model to examine the direct relationship of continuity of nursing
care on post-discharge return to hospital, the potential mediating effect of an intermediate
outcome (readiness for hospital discharge), and the moderating effects of the context of
care delivery, specifically unit environment and unit nursing characteristics (Figure 1).
Nurse continuity, a form of relational continuity, is conceptualized as a structure
variable representing the assignment of nurse staffing; for this study, we measured nurse
continuity as the discharging nurse being assigned to care for the patient on the day of
and the day before discharge. Unit nursing characteristics are characteristics of the
collective of nurses providing care to patients within a patient care unit and represent the
nursing education and experience available for patient care on the nursing unit. Unit
environment characteristics are characteristics of unit-level staffing and represent the
amount of nursing care hours per patient day (HPPD) on the care unit. Patient
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characteristics are control variables in the study, selected because of their association
with post-discharge utilization (Kansagara et al., 2011). Patient outcomes are represented
by the proximal outcome at discharge, patient readiness for discharge, and the distal
outcome, return to hospital within 30 days after discharge for a repeat inpatient admission
or ED/Obs visit. Figure 1 shows the relationships among the constructs expressed as
study aims.
Study Design and Data Source

This study used a correlational path analysis design in a secondary analysis of a
dataset from the READI (Readiness Evaluation and Discharge Interventions) study, a
randomized clinical trial evaluating the effectiveness of structured discharge readiness
assessment protocols on return to hospital for readmissions and ED/Observation visits
(ClinicalTrials.gov NCT#01873118) (Weiss et al., 2019). The dataset includes over
144,000 patients discharged following an inpatient hospitalization from 2 adult, medicalsurgical units in each of 33 Magnet-designated hospitals in the United States (31) and
Saudi Arabia (2). The READI study data were obtained from hospital EHRs,
administrative databases, and directly from patients and discharging nurses on the day of
discharge. Each hospital in the READI study submitted de-identified patient-level data
and unit-level nurse staffing and nurse characteristics. The READI study was approved
through the university Institutional Review Board (IRB) of the principal investigator
(XXX-Blinded for review) and participating hospitals’ IRBs. An exempt determination
was received from the university IRB for this secondary analysis.
Sample
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The sample was a multi-level nested (patients within units within hospitals)
sample of patients linked to their discharging nurses. Patients were only included from
the intervention units in 2 phases of the 4-phase READI study where data on nurse
continuity on the last 2 days of hospitalization and readiness for hospital discharge by
patient and nurse assessment were available. Patient inclusion criteria were adult (18+)
medical-surgical patients admitted on inpatient status and discharged home with or
without home care following a length of stay of more than 1 day (to examine repeated
care by the same nurse on the last 2 days of hospitalization). Exclusion criteria were
patients who were discharged to hospice or left the hospital against medical advice
(AMA); only US hospitals were included in this analysis.
The sample for the analyses included 18,203 patients. When we examined the
moderating effects of unit nurse characteristics in Aim 4, the sample was reduced to
17,358 because one hospital did not report unit-level RN experience (excluded 679
observations) and one hospital provided incomplete RN experience data (excluded 166
observations).
Measures

Nurse continuity was operationalized as a dichotomous variable representing the
structure of the nursing care assignment: 1=the nurse was assigned to the patient the day
prior to discharge and the day of discharge or 0=discharging nurse not assigned on the
prior day. Data for the continuity variable were recorded by the discharging nurse on a
nurse assessment of discharge readiness form used in the READI study on the day of
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discharge in response to the question "Were you assigned to care for this patient
yesterday?”
Patient outcomes: The Readiness for Hospital Discharge-Patient short form (PTRHDS) and the Readiness for Hospital Discharge-Nurse short form (RN-RHDS) were
used to assess patients’ readiness for hospital discharge. These parallel 8-item scales
assess 4 attributes of readiness for discharge: personal status, knowledge, coping ability,
and expected support. The tools are designed to be used on the day of discharge and take
patients 5-10 minutes and nurses 2-5 minutes to complete. Both forms use a 0 to 10 scale
with higher scores indicating greater readiness. Scores are reported as the mean of items
(Weiss & Piacentine, 2006). The PT-RHDS is completed by the patient or read to the
patient with the response recorded by the nurse. The nurse completes the RN-RHDS form
after having reviewed the patient self-report and considers the patient perspective and
other information available in completing the assessment.
Confirmatory factor analysis, contrasted group comparisons, and predictive
validity testing all support the construct validity of the RHDS scales (Bobay, Jerofke,
Weiss & Yakusheva, 2010; Bobay, Weiss, Oswald & Yakusheva, 2018; Weiss &
Piacentine, 2006; Weiss et al., 2011; Weiss et al., 2014). Predictive validity testing
indicates that lower RN-RHDS scores (<7) were correlated with higher risk of
readmission (Weiss et al., 2014; Bobay et al., 2018) and combined post-discharge return
to hospital (readmission/ED) (Weiss et al., 2010). Higher PT-RHDS scores were
correlated with less patient-reported post-discharge coping difficulty, readmissions
(Weiss et al., 2007), and ED visits within 30 days (Weiss et al., 2011). Reliability
estimates were 0.82 for the RN-RHDS and 0.83 for the PT-RHDS short forms (Weiss et
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al., 2014).
Return to the same hospital within the first 30-days post-discharge is a
multinomial variable collected from EHR data coded by the hospital as: 0=no return to
the hospital for ED or Observation [ED/Obs] visits or readmission, 1=one or more
ED/Obs visits without an inpatient admission within 30 days; 2=one or more inpatient
admission within 30 days. Observation stays (short stay <23 hours) without inpatient
admission were combined with ED visits as non-inpatient returns to the hospital.
Unit environment characteristics describe the context of nursing care as
operationalized by unit-level staffing variables: RN overtime HPPD, RN non-overtime
HPPD, and non-RN HPPD. These data were available monthly from nursing
administrative databases, used National Quality Forum definitions (National Quality
Forum, 2004), and were linked to the patient-level data based on the month of discharge.
Unit nursing characteristics describe the characteristics of the nurses assigned to
the nursing unit: RN education (percent BSN--number of RNs with a BSN or higher
degree divided by the total number of RNs on the unit) and RN experience (sum of years
since obtaining RN license for all RNs divided by total number of RNs on the unit).
These data were captured annually by study hospitals and linked to individual patients
based on the year of discharge.
Patient characteristics were included as control variables: patient lives alone
(yes/no [reference]), age (in years), gender (female or male [reference]), race (American
Indian or Alaska Native, Asian, Black or African American, Native Hawaiian or Other
Pacific Islander, White, and unknown [reference]), ethnicity (Hispanic/Latino or Not
Hispanic/Latino [reference]), payer type (private [reference], Medicare, Medicaid,
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uninsured, other), Major Diagnostic Categories ([MDC] derived from allocating
Diagnosis Related Groups into 25 mutually exclusive groups) (CMS, n.d.), Elixhauser
Comorbidity Index for readmission (Elixhauser, Steiner, Harris, & Coffey, 1998), length
of stay (calculated by the hospital as the number of midnights between admission and
discharge), prior hospitalization within 90 days (yes/no [reference), and patient type
(medical or surgical [reference]). All study variables and measures are listed in Table 1.
Analyses

In preparation for data analysis, data were examined for missing values. Patients
were included in the analysis if PT- and RN-RHDS data were missing on no more than
50% of items (up to 4 items), otherwise the patient was eliminated from the analysis
(Mazza, Ender, & Ruehlman, 2015). If nursing or unit environment characteristics were
missing, patients were dropped case-wise from the relevant analyses.
For Aim 1, we examined the direct effect of continuity on return to hospital
(readmissions, ED/Obs visits) using patient-level logistic regression. For Aim 2, we used
patient-level multiple linear and logistic regression for a series of equations in a
simultaneous equation regression model to estimate in sequence the effects of continuity
on readiness for discharge (PT-RHDS, RN-RHDS) and return to the hospital
(readmissions and ED/Obs visits). Simultaneous equation modeling using the seemingly
unrelated regression equations estimation function in Stata version 14 (Statacorp, 2015)
allows for the examination of multiple equations while reducing error associated with
multiple analyses of the same data (Clayton & Pett, 2011). This approach also allowed us
to test for the key criteria of a mediating effect: 1) variation in nursing continuity
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significantly accounted for variation in readiness for hospital discharge, 2) variation in
readiness for hospital discharge significantly accounted for variation in post-discharge
return to hospital, and 3) when controlling for criteria 1 and 2, a previously significant
relationship between nursing continuity and the post-discharge return to hospital no
longer achieves significance. Then we calculated direct and indirect path effects (Baron
& Kenny, 1986). The equations for the path of influence through readiness for discharge
were estimated as a sequential path from continuity to patient-reported readiness to nurse
assessment of readiness (Figure 1) to outcomes. This approach was consistent with the
READI study intervention, where patients completed their self-report, which their nurses
reviewed before completing their own independent assessment, based on patient input
and their awareness of other factors influencing their patients’ readiness for discharge.
To examine the effect of unit environment characteristics on continuity (Aim 3),
we used logistic regression, regressing continuity on unit environment characteristics. For
Aim 4 examining the moderating effect of unit-level variables (unit environment and unit
nursing characteristics), we performed logistic regression of readmission and ED/Obs on
continuity across the 4 quartiles of the distribution of each unit environment and unit
nurse characteristic variable. This method was chosen to determine the marginal effects
at each quartile of the unit environment and nurse characteristics and compare contrasts
between quartiles. Significant differences at p<.05 indicate an increase (or decrease) in
the effect of continuity on readmission or ED/Obs.
All models included patient characteristics as control variables as well as fixed
effects for hospital unit with clustering at the hospital level. Level of significance was set
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at p=.05 for a two-tailed test. All statistical analyses were completed using Stata version
14 (Statacorp, 2015).
RESULTS

The characteristics for the sample are presented in Table 2. In this sample of
18,203 patients, continuous nursing assignment was observed in 6,441 (35.4%)
discharges. The sample consisted of primarily white patients (70%) and African
American (15%) patients. The average age was 59 years with length of stay averaging
4.80 days. Payer type consisted primarily of Medicare patients (41%) and private
insurance (32%). The percentage of patients who had a prior hospitalization within 90
days was 23%. Table e1 in the Supplemental Digital Content, includes expanded
descriptive information for all MDCs and units.
The direct (unmediated) effect of continuity on readmission, after controlling for
patient characteristics and hospital effects, was a 0.85 absolute percentage point lower
readmission rate in the presence of continuity (marginal effect = -.0085, 95% CI [-.0166,
-.0004], P= 0.04). There was no significant effect on ED/Obs (Supplemental Digital
Content table e2). Table 3 shows the results of analysis for the mediating effect of
continuity on return to hospital through readiness for discharge (Aim 2). In the mediated
model, the effect of continuity on readmission was a 0.83 absolute percentage point (95%
CI [-0.017, -0.000], p<0.05) reduction in readmissions; a Wald test of equality of
unmediated and mediated continuity coefficients on readmission indicated no difference
between the estimates (F=0.87, p=0.36). The indirect association of continuity through
PT-RHDS and RN-RHDS on readmissions was 0.02 absolute percentage points

101
(0.0578*0.4843*0.0079=0.00022, p=0.04); the association with ED/Obs was not
significant. From these results, we concluded that, while the sequential path of influence
from continuity to readiness for discharge (proximal outcome) to readmissions (distal
outcomes) was itself statistically significant, it was not clinically meaningful and did not
mediate of the association between continuity and readmissions (Baron & Kenny, 1986).
Supplemental Digital Content Table e3 displays the full series of simultaneously
estimated regression equations.
In the analyses for Aim 3, none of the unit environment characteristics were
directly associated with nurse continuity (Supplemental Digital Content Table e4).
Results for Aim 4 indicate that unit environment and unit nurse characteristics did not
moderate the relationship of nurse continuity to readmissions (Supplemental Digital
Content Table e5). The quartile effect estimates are within the statistical error margin of
each other, and none of the contrast margins follow an increasing or decreasing pattern
that we would expect under the moderation hypotheses. However, as shown in Table 4,
unit BSN percent influenced the strength of the association of continuity with
readmissions in the lowest (less than 56%) and the highest (more than 80%) BSN
quartiles. In the lowest quartile, the marginal effect on readmission of -0.017 (95% CI [0.031, -0.002], p<.05) indicated that readmissions declined further, adding to the direct
effect of continuity on readmissions (marginal effect= 0.008 percentage points). At the
same time, ED/Obs visits (without a concurrent readmission) increased (marginal effect
0.021, 95% CI [0.004, 0.038], p<.05). For the highest BSN quartile, readmissions were
also lower (marginal effect, -0.018, 95% CI [-0.033, -0.004], p<.05), but without a
concurrent increase in return to the hospital for an ED/OBs visit. Supplemental Digital
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Content Table e6 displays the full series of regression models with all variables and fixed
effects for Aim 4.
In a sensitivity analysis, we examined whether the effect of continuity on return to
hospital was stronger in more complex patients by splitting the range of Elixhauser
Comorbidity Index scores into tertiles. As expected, the presence of continuity of nurse
assignment for discharge was associated with fewer readmissions (marginal effect -0.031,
95% CI [-0.054, -0.008], p<0.5) in the highest tertile group (Supplemental Digital
Content Figure e1 and Table e7). There was no association in the low-comorbidity group.
There was no effect on ED/Obs. Sensitivity analysis also confirmed that non-reporting of
RN experience by 2 hospitals did not affect the results.
DISCUSSION

The findings of this study demonstrate that patients discharged with continuous
nursing care during the last two days of hospitalization had a lower likelihood of
readmission, independent of other factors associated with return to hospital. Current
financial penalties in place for readmissions have driven hospital systems to prioritize
readmission reduction initiatives (Joynt, Sarma, Epstein, Jha & Weissman, 2014).
Though the absolute magnitude of the effect of 0.85 percentage points (7.8% relative
reduction in readmission) is modest, implementing initiatives to increase continuity can
add to other hospital initiatives to reduce readmissions (Bradley et al., 2013), and
contribute to cost savings and penalty avoidance. The effect of continuity was greater for
higher comorbidity patients, pointing to the importance of nurse staffing assignments that
prioritize continuity for these complex patients (Yakusheva et al., 2017).
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Although we found that continuity on the day prior to and the day of discharge
can reduce readmissions, it does not appear to be through readiness for discharge. The
indirect pathway from continuity through discharge readiness to readmissions produced a
small overall effect compared to the direct path of continuity to readmissions. Patients
discharged with continuous nursing care had slightly higher self-reported perception of
readiness (0.058 points on a 0 to 10 scale). In terms of the associations of readiness with
readmissions independent of continuity, while nurse and patient assessment of discharge
readiness were correlated (0.48), nurse assessments but not patient self-reported
assessments were associated with fewer readmissions, following a pattern established by
earlier work (Weiss et al., 2010; Weiss et al, 2014). It is possible that continuous nursing
care improved the patients’ perception of their readiness for discharge, but did not
necessarily improve the clinical reality as assessed and documented by the nurse on the
RN-RHDS. Patient-reported outcomes such as readiness for discharge are measures of
patient experience and patient-centered care which can be used to improve patientprovider interactions, identify benefits of interventions, and assess the impact of new care
practices and guidelines (Snyder, Jensen, Segal, & Wu, 2013).
Since readiness does not appear to be a mediator, it will be important in future
research to identify care processes and intermediate outcomes affected by structuring
nursing assignments for continuity that affect post-discharge patient outcomes. In a
situation where relational continuity is in place, informational (communication) and
management (coordination) continuity could potentially be intervening processes that
build on the structure of continuous nursing assignment to decrease return to hospital.
Relational continuity is foundational to communication and both are necessary for
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effective coordination (Bahr & Weiss, 2018). Understanding the relationship developed
and specific actions carried out by the nurse during times of continuity would provide
insight into the mechanisms by which the structure of nursing care assignments affect
intervening process variables related to discharge preparation to impact patient outcomes,
including post-discharge return to hospital.
The amount of nurse staffing available for patient care, measured as unit level
hours per patient day did not directly impact the assignment for continuity. Staffing
assignments on each unit may be focused on another aspect of care, such as acuity or
nurse preference. Unit environment and nurse characteristic variables did not moderate
the relationship between continuity. However, the effect of continuity was stronger in
reducing readmissions at the highest and lowest quartiles of percent BSN. This reduction
in readmissions in these quartiles may have different mechanisms. In the lowest quartile
BSN, readmissions were reduced but patients were more likely to have an ED visit that
did not result in readmission (a net effect of no change in return to hospital). At the
highest quartile of BSN staffing, the effect of continuity was augmented and return to
hospital was reduced, without the shift to more ED/Obs visits. These findings add to the
growing body of evidence supporting national recommendations for hospital staffing with
higher proportions of BSN nurses (IOM, 2011; Yakusheva, Lindrooth & Weiss, 2014a).
Discharge preparation is an important nursing function and assigning nurses with higher
education could contribute to readmission reduction, especially for more complex
patients.
Nursing practice environments are often unable, whether due to available staffing
or specific patient needs, to prioritize continuity of nursing care when structuring nursing
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assignments (Zolnierek, 2014). On the day of discharge, patients are at lower acuity
levels than other patients on the nursing unit and may be inadvertently deprioritized for
assignment based on continuity. The findings of this study point to the importance of
continuity of assignment for discharge preparation in optimizing post-discharge outcomes
and are consistent with evidence relating nursing structure in the form of discontinuity in
nursing care to readmission (Yakusheva et al., 2017).
Limitations

There are several limitations to this study. The focus of the study was the
relationship of continuity to post-discharge return to hospital and the possible mediating
effect of patient readiness for discharge. Intervening nursing processes such as planning,
coordination, and teaching were not measured. These processes could have diminished or
augmented the impact of continuity on the selected outcome variables. We only
examined continuity on the day before and day of discharge; examining patterns of
continuity throughout the hospitalization or for a longer period of time may uncover more
detailed information to inform staffing for continuity. The return to hospital outcome was
the product of many factors, known and unknown, including continuity of discharge care
by a single nurse. However, individual nurse performance varies and there are many
factors associated with higher and lower performing nurses (Yakusheva, Lindrooth &
Weiss, 2014b). We did not assess individual nurse performance on readmission as an
outcome in this study.
A limitation of the data set was the availability of same-hospital readmission and
ED/Obs data. Accurately capturing readmission can be challenging since it is difficult to
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know if a patient has been admitted to another hospital, which would underestimate the
actual occurrence of a readmission (Nasir, 2010). All causes of readmissions were
included. Readmissions were counted as an occurrence of readmission, not the number of
readmissions nor the time since discharge, which is a factor in their preventability
(Graham et al., 2018). Improved interoperability between health systems will permit
more complete capture of data for future studies.
While direct links between patients and discharging nurses were available, nurse
and unit characteristics could only be attributed to patients as unit-level aggregated data.
These measures were reported within study hospitals on a monthly (unit characteristics)
or annual (RN education and experience) basis, and therefore served as proxy measures
of actual exposure. Nurse assignment is a unit management function; assignments were
not random and were likely affected by several factors including patient acuity, length of
stay, nurse competence, nurse preference, and current staffing (Allen, 2015). The number
of units available for analysis of moderating effects was small, limiting statistical power.
Study units were all from Magnet hospitals which precludes inference to patients and
nurses in non-Magnet hospitals.
Finally, we only studied relational continuity. The three types of continuity
described by Haggerty et al. (2013) and Bahr and Weiss (2018) (relational/patientprovider relationship; informational/communication; management/coordination) each
build upon the previous dimensions and each component requires different strategies to
provide comprehensive care and may have different effects on return to hospital. Future
research should include evaluation of all three dimensions of continuity of care.
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CONCLUSION

Nurse continuity of discharge care is associated with readmission reduction. This
study adds to the emerging evidence base linking continuity of nursing care during
hospitalization to patient outcomes. Staffing for continuity of discharge care benefits both
patients and health care systems, increasing quality of care for patients with greater
benefits for high comorbidity patients, and contributing to avoidance of readmission
penalties. Implementing a plan to increase the percentage of BSN nurses and maximize
continuity has the potential to augment the effects of continuity of nursing care in
minimizing readmissions. Continuity in nurse assignments as the day of discharge
approaches should be a priority consideration in deployment of acute care nurse staffing.
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Figure 1. Study framework with aims
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Table 1. Study Variables
Constructs Nursing
Unit
Patient
Characteristics Environment
Characteristics
Characteristics

Study
Concepts

Unit Nursing
Characteristics

Empirics

•
•

RN
Education
RN
Experience

Unit
Environment
Characteristics

•
•
•

RN OT
HPPD
RN nonOT HPPD
Non-RN
HPPD

Control Variables

•
•
•
•
•
•
•
•

•
•

•

Lives Alone
Age
Gender
Race
Ethnicity
Payer Type
MDC
Elixhauser
Comorbidity
Index
Length of Stay
Prior
hospitalization
within 90 days
Patient Type

Relational
Nursing
Continuity

Nurse
Continuity

Patient Outcomes

Readiness
Return to
for Hospital Hospital
Discharge

Discharging
PT-RHDS*
nurse also
assigned to
RNthe patient on RHDS**
the day before
discharge

Readmission
within 30
days
Emergency
(ED) Visits
and
Observation
(Obs) Visits
within 30
days

*Patient-Readiness for Hospital Discharge Scale **RN-Readiness for Hospital Discharge Scale
RN – Registered Nurse; OT- Overtime; HPPD – hours per patient day
MDC – Major Diagnostic Category
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Table 2. Sample Characteristics#
(1)

(2)

(3)

All Patients
N=18,203

Non-Continuity
N=11,762

Nurse Continuity
N=6,441

ED/Obs

2,174 (11.94)

1,431 (12.17)

743 (11.54)

Readmission

1,971 (10.83)

1,250 (10.63)

Nurse Continuity

6,441 (35.38)

Post-Discharge Outcomes and Continuity
[Count (%)]
721(11.19)
6,441 (100)

Continuous Variables [Mean (Std. Dev.)]
Age

59.06 (17.22)

59.13 (17.20)

58.93(17.26)

Length of Stay

4.798 (4.12)

4.782 (4.19)

4.827 (4.00)

8,896 (48.87)

5,702 (48.48)

3,194 (49.59)

2,035 (11.18)

1,311 (11.15)

724 (11.24)

Native American/Alaskan

235 (1.29)

142 (1.21)

93 (1.44)

Asian

452 (2.48)

313 (2.66)

139 (2.16)

2,630 (14.45)

1,668 (14.18)

962 (14.94)

43 (0.24)

27 (0.23)

16 (0.25)

12,808 (70.36)

8,301 (70.57)

4,507 (69.97)

Categorical Variables [Count (%)]
Male
Race
Unknown Race

African American
Pacific Islander/Hawaiian
White
Ethnicity
Non-Hispanic

15,328 (84.21)

9,862 (83.85)

5,466 (84.86)

Hispanic

2,518 (13.83)

1,670 (14.20)

848 (13.17)

357 (1.96)

230 (1.955)

127 (1.97)

Unknown Ethnicity
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Marital Status
Not Married

8,186 (44.97)

5,284 (44.92)

2,902 (45.06)

Married

8,394(46.11)

5,388 (45.81)

3,006 (46.67)

Unknown Marital Status

1,623 (8.92)

1,090 (9.27)

533 (8.28)

Private Payer

5,843 (32.1)

3,790 (32.22)

2,053 (31.87)

Medicare

7,478 (41.08)

4,770 (40.55)

2,708 (42.04)

Medicaid

2,519 (13.84)

1,589 (13.51)

930 (14.44)

Uninsured

375 (2.06)

231 (1.96)

144 (2.24)

1,988 (10.92)

1,382 (11.75)

606 (9.41)

Medical

13,461 (73.95)

8,774 (74.60)

4,687 (72.77)

Surgical

4,713 (25.89)

2,969 (25.24)

1,744 (27.08)

29 (0.16)

19 (0.16)

10 (0.16)

2,367 (13)

1,498 (12.74)

869 (13.49)

0 ≤ Elixhauser Comorbidity Index < 5

5,117 (28.11)

3,291 (27.98)

1,826 (28.35)

5 ≤ Elixhauser Comorbidity Index < 10

5,093 (27.98)

3,328 (28.29)

1,765 (27.40)

10 ≤ Elixhauser Comorbidity Index < 15

1,839(10.10)

1,199 (10.19)

640 (9.94)

15 ≤ Elixhauser Comorbidity Index < 20

1,868 (10.26)

1,217 (10.35)

651 (10.11)

Elixhauser Comorbidity Index ≥ 20

1,919 (10.54)

1,229 (10.45)

690 (10.45)

4,134 (22.71)

2,671 (22.71)

1,463 (22.71)

Payer

Other Payer
Admission type

Unknown Medical or Surgical
Comorbidities
Elixhauser Comorbidity Indexb < 0

Prior Hospitalization past 90 days
# Table

including expanded demographic information on counts and percentiles for all Major Diagnostic
Categories (MDCs) and Units is in the Supplemental Digital Content Table e1.
a
Nurse Continuity– Nurse Continuity is operationalized to represent the structure of the nursing care
assignment as a dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge
and the day of discharge and 0= discharging nurse not assigned on the prior day.
b
Elixhauser Comorbidity Index (Elixhauser et al., 1998).
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Table 3. Simultaneous equation estimates for the sequential path of influence of nurse continuity to patient
RHDS,
nurse RHDS, and return to hospital (Readmissions and ED/Obs)#
Patient RHDSa Mean

Return to hospital

Nurse RHDSb Mean
ED/Obsc

Readmission

-0.0034

-0.0079**

(-0.0074 - 0.0007)

(-0.0126 - -0.0033)

-0.0021

0.0009

(0.4300 - 0.585)

(-0.0058 - 0.0016)

(-0.0034 - 0.0053)

0.0578*

0.0018

0.0053

-0.0083*

(0.0029 - 0.1127)

(-0.0332 - 0.0368)

(-0.0050 - 0.0150)

(-0.0165 - -0.0001)

Exposures
Nurse RHDS Mean
0.4843***

Patient RHDS Mean
Nurse Continuityd

# Table including all control variables and fixed effects is in the Supplemental Digital Content Table e3
Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique.
Shown are marginal effects and 95% Confidence Intervals of marginal effects. Multiple linear regression for
RN- and PT-RHDS scores, Logistic regression for readmission and ED/Obs. The analysis controlled for the following
variables; lives alone, age, gender, race, ethnicity, payer type, Major Diagnostic Categories (MDCs), Elixhauser
Comorbidity Index, length of stay, prior hospitalization within 90 days, and patient type, and used unit fixed effects.
a
Patient-RHDS: Patient self-report form: Readiness for Hospital Discharge Scale scores 0-10, higher scores=greater
readiness
b
Nurse-RHDS: Nurse assessment form: Readiness for Hospital Discharge Scale
c
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
d
Nurse Continuity: Nurse continuity is operationalized to represent the structure of the nursing care assignment as a
dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of discharge
and 0= discharging nurse not assigned on the prior day.
*<0.05; **<0.01; ***<0.001
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Table 4. Logistic regression models for moderating effects of unit BSN percent on the relationship of
nurse continuity to return to hospital (Readmissions and ED/Obs)#
ED/Obsa Visits
Readmissions
Effect of Nurse
Contrast with
Effect of Nurse
Contrast with
Continuityb
Quartile 1
Continuity
Quartile 1
Marginal Effects
(95% CI)

Unit BSN Percentage
Quartile 1
0.021*
(0.004, 0.038)
Quartile 2
-0.003
(-0.011, 0.006)
Quartile 3
-0.006
(-0.029, 0.017)
Quartile 4
-0.000
(-0.017, 0.017)
18,203

Contrasts of Marginal
Effects with Respect
to Baseline
(p-values of the
contrasts)

-0.024*
(-0.041, -0.006)
-0.027
(-0.0562, 0.002)
-0.021*
(-0.039, -0.003)
.

Marginal Effects
(95% CI)

-0.017*
(-0.031, -0.002)
0.014
(-0.000, 0.028)
-0.008
(-0.032, 0.016)
-0.018*
(-0.033, -0.004)
18,203

Contrasts of Marginal
Effects with Respect
to Baseline
(p-values of the
contrasts)

0.031*
(0.004, 0.057)
0.008
(-0.009, 0.025)
-0.002
(-0.020, 0.017)
.

# Table including all moderating effects are in the Supplemental Digital Content Table e5 and control variables
and fixed effects are in the Supplemental Digital Content Table e6.
Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique.
Shown are marginal effects and 95% Confidence Intervals (CI) of marginal effects. The analysis controlled for
the following variables; lives alone, age, gender, race, ethnicity, payer type, Major Diagnostic Categories (MDCs),
Elixhauser Comorbidity Index, length of stay, prior hospitalization within 90 days, and patient type.
a
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
b
Nurse Continuity: Nurse continuity is operationalized to represent the structure of the nursing care assignment as a
dichotomous variable, 1=the nurse was assigned to the patient the day prior to discharge and the day of discharge
and 0= discharging nurse not assigned on the prior day. *<0.05; **<0.01; ***<0.001
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Table e1. Sample Characteristics, including unit fixed effects and controls
(1)

(2)

(3)

All Patients
N=18,203

Non-Continuity
N= 11,762

Nurse Continuitya
N=6,441

Post-Discharge Outcomes and Nurse Continuity [Count (%)]
ED/Obs

2,174 (11.94)

1,431 (12.17)

743 (11.54)

Readmission

1,971 (10.83)

1,250 (10.63)

721 (11.19)

Nurse Continuity

6,441 (35.38)

6,441 (100)

Continuous Variables [Mean (Std. Dev.)]
READI Nurse Mean

8.528 (1.28)

8.521 (1.28)

8.540 (1.29)

Patient Nurse Mean

8.602 (1.42)

8.584 (1.42)

8.637 (1.40)

RN OT Hours per Patient Day

0.196 (0.14)

0.192 (0.14)

0.204 (0.15)

RN Non-OT Hours per Patient Day

6.659 (1.30)

6.650 (1.28)

6.675 (1.34)

Non-RN Hours per Patient Day

3.393(1.36)

3.392 (1.39)

3.393 (1.32)

BSN Proportion

68.49 (16.48)

68.96 (16.66)

67.64 (16.11)

RN Experience

8.93 (3.83)

9.04 (3.80)

8.73 (3.87)

[n = 17,523]

[n = 11,310]

[n = 6,213]

Age

59.06 (17.22)

59.13 (17.20)

58.93 (17.26)

Length of Stay

4.798 (4.12)

4.782 (4.19)

4.827 (4.00)

8,896 (48.87)

5,702 (48.48)

3,194 (49.59)

Categorical Variables [Count (%)]
Male
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Race
Unknown Race

2,035 (11.18)

1,311 (11.15)

724 (11.24)

Native American/Alaskan

235 (1.29)

142 (1.21)

93 (1.44)

Asian

452 (2.48)

313 (2.66)

139 (2.16)

2,630 (14.45)

1,668 (14.18)

962 (14.94)

43 (0.24)

27 (0.23)

16 (0.25)

12,808 (70.36)

8,301 (70.57)

4,507 (69.97)

Non-Hispanic

15,328 (84.21)

9,862 (83.85)

5,466 (84.86)

Hispanic

2,518 (13.83)

1,670 (14.20)

848 (13.17)

357 (1.96)

230 (1.96)

127 (1.97)

Not Married

8,186 (44.97)

5,284 (44.92)

2,902 (45.06)

Married

8,394 (46.11)

5,388 (45.81)

3,006 (46.67)

Unknown Marital Status

1,623 (8.92)

1,090 (9.27)

533 (8.28)

Private Payer

5,843 (32.1)

3,790 (32.22)

2,053 (31.87)

Medicare

7,478 (41.08)

4,770 (40.55)

2,708 (42.04)

Medicaid

2,519 (13.84)

1,589 (13.51)

930 (14.44)

Uninsured

375 (2.06)

231 (1.96)

144 (2.24)

1,988 (10.92)

1,382 (11.75)

606 (9.41)

African American
Pacific Islander/Hawaiian
White
Ethnicity

Unknown Ethnicity
Marital Status

Payer

Other Paytype
Admission Type
Medical

13,461 (73.95)

8,774 (74.60)

4,687 (72.77)

Surgical

4,713 (25.89)

2,969 (25.24)

1,744 (27.08)

29 (0.16)

19 (0.16)

10 (0.16)

2,367 (13)

1,498 (12.74)

869 (13.49)

0 ≤ Elixhauser Comorbidity Index < 5

5,117 (28.11)

3,291 (27.98)

1,826 (28.35)

5 ≤ Elixhauser Comorbidity Index < 10

5,093 (27.98)

3,328 (28.29)

1,765 (27.40)

Unknown Medical or Surgical
Comorbidities
Elixhauser Comorbidity Indexb < 0
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10 ≤ Elixhauser Comorbidity Index < 15

1,839 (10.1)

1,199 (10.19)

640 (9.94)

15 ≤ Elixhauser Comorbidity Index < 20

1,868 (10.26)

1,217 (10.35)

651 (10.11)

Elixhauser Comorbidity Index ≥ 20

1,919 (10.54)

1,229 (10.45)

690 (10.71)

No 30-Day Prior

13,768 (75.64)

8,822 (75.00)

4,946 (76.79)

30-Day Prior Hospitalization

2,579 (14.17)

1,689 (14.36)

890 (13.82)

No 90-Day Prior

12,628 (69.37)

8,130 (69.12)

4,498 (69.83)

Prior Hospitalization past 90 days

4,134 (22.71)

2,671 (22.71)

1,463 (22.71)

1,013 (5.57)

668 (5.68)

345 (5.36)

Eye

22 (0.12)

16 (0.136)

6 (0.093)

ENT

209 (1.15)

142 (1.207)

67 (1.04)

Respiratory

2,492 (13.69)

1,646 (13.99)

846 (13.13)

Circulatory

3,021 (16.6)

1,950 (16.58)

1,071 (16.63)

Digestive

2,634 (14.47)

1,669 (14.19)

965 (14.98)

1,002 (5.5)

653 (5.55)

349 (5.42)

911 (5)

584 (4.97)

327 (5.08)

Skin & Subcutaneous

601 (3.3)

374 (3.18)

227 (3.52)

Endocrine & Metabolic

949 (5.21)

625 (5.31)

324 (5.03)

Kidney & Urinary

1,013 (5.57)

644 (5.48)

369 (5.73)

Male Reproductive

69 (0.38)

44 (0.37)

25 (0.39)

Female Reproductive

264 (1.45)

178 (1.51)

86 (1.34)

Prior Hospitalization

Major Diagnostic Category
Nervous System

Hepatobiliary & Pancreatic
Musculoskeletal

Pregnancy

74 (0.41)

44 (0.37)

30 (0.47)

Blood & Immunological

463 (2.54)

271 (2.30)

192 (2.98)

Meloproliferative

61 (0.34)

46 (0.39)

15 (0.23)

1,407 (7.73)

938 (7.98)

469 (7.28)

Mental

25 (0.14)

19 (0.16)

6 (0.09)

Alcohol & Drug

261 (1.43)

172 (1.46)

89 (1.38)

Injury, Poison, & Toxin

263 (1.44)

178 (1.51)

85 (1.32)

Infections & Parasitic
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Other MDC

85 (0.47)

56 (0.48)

29 (0.45)

Multiple Trauma

37 (0.2)

25 (0.21)

12 (0.19)

HIV

32 (0.18)

17 (0.15)

15 (0.23)

Transplants

59 (0.32)

38 (0.32)

21 (0.33)

Unrelated MDC

139 (0.76)

89 (0.76)

50 (0.78)

1,097 (6.03)

676 (5.75)

421 (6.54)

A

502 (2.76)

336 (2.86)

166 (2.58)

B

816 (4.48)

480 (4.08)

336 (5.22)

C

923 (5.07)

576 (4.90)

347 (5.39)

D

396 (2.18)

254 (2.16)

142 (2.21)

E

363 (1.99)

203 (1.72)

160 (2.48)

F

243 (1.33)

135 (1.15)

108 (1.68)

G

172 (0.94)

134 (1.14)

38 (0.59)

H

643 (3.53)

467 (3.97)

176 (2.73)

I

289 (1.59)

197 (1.68)

92 (1.43)

J

389 (2.14)

282 (2.40)

107 (1.66)

K

333 (1.83)

232 (1.97)

101 (1.57)

L

575 (3.16)

374 (3.18)

201 (3.12)

M

317 (1.74)

242 (2.06)

75 (1.16)

N

458 (2.52)

247 (2.10)

211 (3.28)

O

614 (3.37)

401 (3.41)

213 (3.31)

P

1,134 (6.23)

762 (6.48)

372 (5.78)

Q

586 (3.22)

394 (3.35)

192 (2.98)

R

745 (4.09)

488 (4.15)

257 (3.99)

S

609 (3.35)

418 (3.55)

191 (2.97)

T

587 (3.22)

432 (3.67)

155 (2.41)

U

566 (3.11)

370 (3.15)

196 (3.04)

V

717 (3.94)

453 (3.85)

264 (4.10)

Missing MDC
Hospital
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W

793 (4.36)

540 (4.59)

253 (3.93)

X

470 (2.58)

346 (2.94)

124 (1.93)

Y

833 (4.58)

504 (4.29)

329 (5.11)

Z

771 (4.24)

469 (3.99)

302 (4.69)

AA

557 (3.06)

384 (3.27)

173 (2.69)

BB

1,165 (6.4)

754 (6.41)

411 (6.38)

CC

617 (3.39)

241 (2.05)

376 (5.84)

DD

537 (2.95)

323 (2.75)

214 (3.32)

EE

483 (2.65)

324 (2.76)

159 (2.47)

18,203

11,762

6,441

Total
a

Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of
discharge and 0= discharging nurse not assigned on the prior day.
b
Elixhauser Comorbidity Index – categorization of the comorbidities based on the International Classification
of Diseases.
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Table e2. Aim 1 - Direct effect of nurse continuity on return to hospital (Readmissions and ED/Obs)
a

Nurse Continuity
female
Age

Native American/Alaskan
Asian
Black/African American
Hawaiian/Pacific Islander
White
Hispanic
Unknown Ethnicity
Lives alone
Medicare
Medicaid
Uninsured

ED/Obsb
0.0049

Readmission
-0.0085*

(-0.0050 - 0.0148)

(-0.0166 - -0.0004)

0.0107*

-0.0101

(0.0021 - 0.0194)

(-0.0236 - 0.0033)

-0.0007**

0

(-0.0011 - -0.0003)

(-0.0005 - 0.0004)

-0.0087

0.0125

(-0.0496 - 0.0322)

(-0.0146 - 0.0396)

-0.0349

-0.0011

(-0.0755 - 0.0056)

(-0.0366 - 0.0343)

0

0.0097

(-0.0292 - 0.0292)

(-0.0134 - 0.0329)

0.0044

-0.0241

(-0.1139 - 0.1228)

(-0.1203 - 0.0721)

-0.027

-0.0003

(-0.0604 - 0.0064)

(-0.0183 - 0.0178)

0.0001

-0.0205

(-0.0202 - 0.0204)

(-0.0446 - 0.0036)

0.0057

-0.0761**

(-0.0081 - 0.0195)

(-0.1227 - -0.0295)

0.0054

0.0045

(-0.0083 - 0.0191)

(-0.0055 - 0.0146)

0.0203**

0.019

(0.0059 - 0.0347)

(-0.0002 - 0.0382)

0.0294**

0.0339**

(0.0117 - 0.0471)

(0.0138 - 0.0541)

0.0111

0.0128
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Other Pay type
Total Length of Stay
Eye
ENT
Respiratory
Circulatory
Digestive
Hepatobiliary/Pancreatic
Musculoskeletal
Skin/Subcutaneous
Endocrine/Metabolic
Kidney/Urinary
Male Reproductive
Female Reproductive

(-0.0249 - 0.0471)

(-0.0201 - 0.0458)

-0.0036

0.0018

(-0.0221 - 0.0150)

(-0.0224 - 0.0261)

0.0006

0.0038***

(-0.0009 - 0.0020)

(0.0023 - 0.0053)

0.0447

-0.0798

(-0.1186 - 0.2081)

(-0.1733 - 0.0138)

-0.0273

-0.0522

(-0.0859 - 0.0314)

(-0.1111 - 0.0067)

-0.0283

-0.0081

(-0.0600 - 0.0033)

(-0.0479 - 0.0316)

-0.0292

-0.0044

(-0.0585 - 0.0001)

(-0.0443 - 0.0355)

-0.0214

-0.0002

(-0.0527 - 0.0098)

(-0.0455 - 0.0452)

-0.0223

0.0255

(-0.0576 - 0.0131)

(-0.0222 - 0.0732)

-0.0363*

-0.0452*

(-0.0713 - -0.0012)

(-0.0856 - -0.0049)

-0.0353*

-0.0188

(-0.0670 - -0.0036)

(-0.0594 - 0.0218)

-0.0307

-0.0187

(-0.0654 - 0.0040)

(-0.0628 - 0.0254)

-0.0199

0.0108

(-0.0538 - 0.0141)

(-0.0326 - 0.0541)

-0.0532

0.0273

(-0.1356 - 0.0292)

(-0.1121 - 0.1667)

-0.0299

0.0185

(-0.1013 - 0.0415)

(-0.0501 - 0.0870)
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Pregnancy
Blood/Immunological
Meloproliferative DD
Infectious/Parasitic DD
Mental
Alcohol/Drug
Injury/Poison/Toxin
Other
Multiple Trauma
HIV
Transplants
Unrelated
Missing
Surgical
Med./Surg. Unknown

-0.015

-0.0197

(-0.0891 - 0.0591)

(-0.1180 - 0.0787)

-0.0206

0.0429

(-0.0650 - 0.0237)

(-0.0316 - 0.1175)

0.0293

0.1447

(-0.0864 - 0.1450)

(-0.0322 - 0.3216)

-0.0374*

-0.008

(-0.0677 - -0.0070)

(-0.0481 - 0.0322)

0.047

-0.1223***

(-0.1063 - 0.2003)

(-0.1591 - -0.0855)

-0.0131

-0.0052

(-0.0739 - 0.0478)

(-0.0683 - 0.0578)

-0.0313

-0.0462

(-0.0690 - 0.0064)

(-0.0992 - 0.0068)

0.0032

-0.0083

(-0.0641 - 0.0704)

(-0.0885 - 0.0719)

-0.0088

-0.0317

(-0.1056 - 0.0880)

(-0.1080 - 0.0446)

0.0355

-0.0722*

(-0.1650 - 0.2359)

(-0.1343 - -0.0100)

-0.0642*

0.1636

(-0.1124 - -0.0159)

(-0.0476 - 0.3747)

-0.0182

0.0395

(-0.0692 - 0.0328)

(-0.0371 - 0.1161)

-0.0338

-0.0077

(-0.0747 - 0.0071)

(-0.0553 - 0.0399)

-0.0107

-0.0311*

(-0.0244 - 0.0030)

(-0.0549 - -0.0073)

-0.0315

-0.0369
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30-Day Prior Hosp.
Unknown 30-Day Prior
c

0 ≤ Elixhauser Comorbidity Index < 5
5 ≤ Elixhauser Comorbidity Index < 10
10 ≤ Elixhauser Comorbidity Index < 15
15 ≤ Elixhauser Comorbidity Index < 20
Elixhauser Comorbidity Index ≥ 20
N

(-0.1031 - 0.0401)

(-0.0952 - 0.0215)

-0.0094

0.0349

(-0.0304 - 0.0117)

(-0.0015 - 0.0713)

-0.0831***

-0.0892***

(-0.0889 - -0.0773)

(-0.1199 - -0.0586)

-0.0084

0.0207**

(-0.0203 - 0.0035)

(0.0065 - 0.0349)

-0.0053

0.0167*

(-0.0188 - 0.0081)

(0.0016 - 0.0317)

0.0054

0.0335**

(-0.0113 - 0.0221)

(0.0109 - 0.0560)

-0.007

0.0390***

(-0.0249 - 0.0108)

(0.0181 - 0.0599)

0.001

0.0614***

(-0.0176 - 0.0196)

(0.0368 - 0.0860)

18,203

18,203

#Table includes expanded demographic information on counts and percentiles for all Major Diagnostic
Categories (MDCs) and Units. Hospital fixed effects included, but not reported.
a
Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of
discharge and 0= discharging nurse not assigned on the prior day.
b
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
c
Elixhauser Comorbidity Index– categorization of the comorbidities based on the International Classification
of Diseases (Elixhauser et al., 1998).
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Table e3. Aim 2 including unit fixed effects and control - Simultaneous equation estimates for the sequential
path of influence of nurse continuity to patient RHDS, nurse RHDS, and return to hospital
Patient RHDSa Mean

Nurse RHDSb Mean

0.0578*
(0.0029 - 0.1127)
-0.1711***
(-0.2360 - -0.1061)
-0.0039***
(-0.0057 - -0.0022)
-0.0279
(-0.3006 - 0.2448)
0.0393
(-0.0922 - 0.1707)
0.0608
(-0.0555 - 0.1771)
-0.1395
(-0.4831 - 0.2041)
0.0467
(-0.0391 - 0.1325)
0.0688
(-0.0545 - 0.1922)
0.11
(-0.1345 - 0.3545)
-0.5266***
(-0.6141 - -0.4391)
-0.1242***
(-0.1931 - -0.0554)
-0.2247***
(-0.3145 - -0.1350)

0.4843***
(0.4300 - 0.5385)
0.0018
(-0.0332 - 0.0368)
-0.0047
(-0.0367 - 0.0273)
-0.0073***
(-0.0089 - -0.0056)
-0.4313*
(-0.8290 - -0.0337)
0.0107
(-0.0845 - 0.1059)
-0.034
(-0.0949 - 0.0270)
-0.146
(-0.3553 - 0.0634)
0.0247
(-0.0253 - 0.0747)
-0.0687*
(-0.1350 - -0.0024)
0.1119**
(0.0460 - 0.1779)
-0.2293***
(-0.2860 - -0.1726)
-0.0913***
(-0.1318 - -0.0509)
-0.2115***
(-0.2828 - -0.1403)

Nurse READI Mean
Patient READI Mean
Nurse Continuitye
Female
Age
Native American/Alaskan
Asian
Black/African American
Hawaiian/Pacific Islander
White
Hispanic
Unknown Ethnicity
Lives Alone
Medicare
Medicaid

ED/Obsc
-0.0034
(-0.0074 - 0.0007)
-0.0021
(-0.0058 - 0.0016)
0.005
(-0.0050 - 0.0150)
0.0100*
(0.0015 - 0.0185)
-0.0007***
(-0.0011 - -0.0003)
-0.0104
(-0.0516 - 0.0308)
-0.0347
(-0.0752 - 0.0058)
0
(-0.0289 - 0.0290)
0.0027
(-0.1155 - 0.1209)
-0.0269
(-0.0602 - 0.0064)
0.0002
(-0.0201 - 0.0206)
0.0064
(-0.0075 - 0.0204)
0.0024
(-0.0109 - 0.0158)
0.0195**
(0.0054 - 0.0336)
0.0277**
(0.0100 - 0.0454)

Readmission
-0.0079**
(-0.0126 - -0.0033)
0.0009
(-0.0034 - 0.0053)
-0.0083*
(-0.0165 - -0.0001)
-0.0106
(-0.0240 - 0.0028)
-0.0001
(-0.0006 - 0.0004)
0.0088
(-0.0174 - 0.0350)
-0.0013
(-0.0365 - 0.0339)
0.0094
(-0.0133 - 0.0321)
-0.0255
(-0.1205 - 0.0696)
-0.0001
(-0.0180 - 0.0179)
-0.0208
(-0.0455 - 0.0038)
-0.0755**
(-0.1228 - -0.0281)
0.0014
(-0.0087 - 0.0115)
0.0178
(-0.0017 - 0.0372)
0.0312**
(0.0112 - 0.0512)
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Uninsured
Other Pay type
Total Length of Stay
Eye
ENT
Respiratory
Circulatory
Digestive
Hepatobiliary/Pancreatic
Musculoskeletal
Skin/Subcutaneous
Endocrine/Metabolic
Kidney/Urinary
Male Reproductive
Female Reproductive
Pregnancy
Blood/Immunological

-0.2027*
(-0.3793 - -0.0262)
-0.0846
(-0.1702 - 0.0010)
-0.0211***
(-0.0302 - -0.0121)
-0.0252
(-0.9709 - 0.9206)
0.2644**
(0.0721 - 0.4567)
0.0455
(-0.0819 - 0.1729)
0.1048
(-0.0098 - 0.2193)
0.0286
(-0.1194 - 0.1766)
0.0408
(-0.1074 - 0.1891)
0.0354
(-0.1165 - 0.1874)
0.1067
(-0.0589 - 0.2723)
0.0503
(-0.1229 - 0.2234)
-0.0301
(-0.2000 - 0.1398)
0.0121
(-0.2738 - 0.2980)
0.0856
(-0.0896 - 0.2608)
0.2370*
(0.0121 - 0.4620)
0.0288

-0.0982
(-0.2270 - 0.0307)
-0.016
(-0.0815 - 0.0496)
-0.0139***
(-0.0184 - -0.0094)
0.4242
(-0.0923 - 0.9408)
0.2092*
(0.0379 - 0.3804)
0.0281
(-0.0613 - 0.1176)
0.0345
(-0.0450 - 0.1141)
0.1547**
(0.0600 - 0.2493)
0.0104
(-0.1089 - 0.1297)
-0.0034
(-0.1745 - 0.1678)
-0.023
(-0.1809 - 0.1349)
-0.0778
(-0.1606 - 0.0051)
0.0274
(-0.0936 - 0.1484)
0.1564
(-0.0033 - 0.3162)
0.0058
(-0.1006 - 0.1123)
0.0217
(-0.2072 - 0.2506)
0.1450*

0.01
(-0.0264 - 0.0465)
-0.0039
(-0.0225 - 0.0147)
0.0004
(-0.0010 - 0.0018)
0.0468
(-0.1181 - 0.2117)
-0.0249
(-0.0845 - 0.0347)
-0.0277
(-0.0594 - 0.0040)
-0.0284
(-0.0576 - 0.0007)
-0.0204
(-0.0519 - 0.0110)
-0.0219
(-0.0570 - 0.0132)
-0.0361*
(-0.0709 - -0.0012)
-0.0347*
(-0.0660 - -0.0033)
-0.0304
(-0.0648 - 0.0041)
-0.0196
(-0.0534 - 0.0142)
-0.0525
(-0.1345 - 0.0295)
-0.0293
(-0.1008 - 0.0422)
-0.0133
(-0.0876 - 0.0609)
-0.0198

0.0109
(-0.0225 - 0.0442)
0.0015
(-0.0226 - 0.0256)
0.0036***
(0.0021 - 0.0051)
-0.078
(-0.1741 - 0.0181)
-0.0505
(-0.1095 - 0.0085)
-0.0078
(-0.0475 - 0.0320)
-0.0038
(-0.0439 - 0.0363)
0.001
(-0.0443 - 0.0462)
0.0256
(-0.0222 - 0.0735)
-0.0454*
(-0.0859 - -0.0048)
-0.0189
(-0.0594 - 0.0216)
-0.0193
(-0.0632 - 0.0247)
0.0105
(-0.0326 - 0.0537)
0.0279
(-0.1109 - 0.1667)
0.0185
(-0.0498 - 0.0868)
-0.02
(-0.1175 - 0.0774)
0.0446
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Meloproliferative DD
Infectious/Parasitic DD
Mental
Alcohol/Drug
Injury/Poison/Toxin
Other
Multiple Trauma
HIV
Transplants
Unrelated
Missing
Surgical
Med./Surg. Unknown
30-Day Prior Hosp.
Unknown 30-Day Prior
90-Day Prior Hosp.

(-0.1370 - 0.1947)
0.5229**
(0.2238 - 0.8220)
0.1029
(-0.0303 - 0.2360)
-0.754
(-1.5266 - 0.0186)
-0.5029***
(-0.7638 - -0.2419)
0.2429*
(0.0597 - 0.4261)
0.1593
(-0.2337 - 0.5524)
0.194
(-0.0943 - 0.4823)
-0.7318**
(-1.2250 - -0.2386)
0.5616***
(0.2889 - 0.8342)
0.2302*
(0.0334 - 0.4269)
0.1366
(-0.0185 - 0.2917)
0.0826*
(0.0137 - 0.1515)
-0.0693
(-0.3510 - 0.2124)
-0.0960**
(-0.1561 - -0.0358)
-0.0564
(-0.2472 - 0.1344)
0.0158
(-0.0553 - 0.0868)

(0.0340 - 0.2560)
0.0269
(-0.2191 - 0.2728)
0.0551
(-0.0209 - 0.1310)
-0.6236**
(-1.0056 - -0.2417)
-0.2961**
(-0.5000 - -0.0923)
0.0125
(-0.1589 - 0.1839)
0.0746
(-0.1200 - 0.2692)
-0.3276*
(-0.6181 - -0.0370)
-0.326
(-0.8189 - 0.1669)
0.3172**
(0.1175 - 0.5168)
-0.0048
(-0.2082 - 0.1986)
0.095
(-0.0356 - 0.2255)
0.031
(-0.0211 - 0.0831)
0.1035
(-0.1241 - 0.3311)
-0.0228
(-0.1028 - 0.0571)
-0.0995***
(-0.1467 - -0.0523)
-0.0355
(-0.1057 - 0.0348)

(-0.0642 - 0.0247)
0.032
(-0.0835 - 0.1474)
-0.0365*
(-0.0668 - -0.0061)
0.0377
(-0.1100 - 0.1853)
-0.0162
(-0.0757 - 0.0432)
-0.0303
(-0.0676 - 0.0070)
0.004
(-0.0636 - 0.0715)
-0.009
(-0.1057 - 0.0877)
0.0289
(-0.1652 - 0.2229)
-0.0623*
(-0.1106 - -0.0141)
-0.0171
(-0.0688 - 0.0346)
-0.0326
(-0.0735 - 0.0082)
-0.0101
(-0.0238 - 0.0035)
-0.0308
(-0.1030 - 0.0413)
-0.0099
(-0.0307 - 0.0108)
-0.0834***
(-0.0891 - -0.0778)

(-0.0295 - 0.1188)
0.147
(-0.0306 - 0.3246)
-0.0073
(-0.0475 - 0.0329)
-0.1219***
(-0.1587 - -0.0852)
-0.0093
(-0.0720 - 0.0535)
-0.0457
(-0.0990 - 0.0075)
-0.0074
(-0.0870 - 0.0721)
-0.0335
(-0.1080 - 0.0409)
-0.0746*
(-0.1350 - -0.0142)
0.1708
(-0.0394 - 0.3810)
0.0399
(-0.0362 - 0.1159)
-0.0068
(-0.0544 - 0.0408)
-0.0304*
(-0.0542 - -0.0067)
-0.036
(-0.0936 - 0.0216)
0.0344
(-0.0019 - 0.0707)
-0.0897***
(-0.1204 - -0.0590)
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Unknown 90-Day Prior

-0.2293*
(-0.4409 - -0.0177)

0.0525
(-0.0128 - 0.1178)

-0.0345

-0.0469*

-0.0087

0.0201**

(-0.1007 - 0.0317)

(-0.0911 - -0.0026)

(-0.0204 - 0.0030)

(0.0060 - 0.0342)

-0.0007

-0.0632*

-0.0055

0.0159*

(-0.0709 - 0.0695)

(-0.1124 - -0.0139)

(-0.0189 - 0.0079)

(0.0008 - 0.0310)

-0.0659

-0.0799*

0.0048

0.0325**

(-0.1452 - 0.0133)

(-0.1396 - -0.0202)

(-0.0119 - 0.0216)

(0.0101 - 0.0549)

-0.0395

-0.0513

-0.0074

0.0384***

(-0.1147 - 0.0357)
-0.0134
(-0.0976 - 0.0709)
8.9696***
(8.7801 - 9.1591)

(-0.1115 - 0.0088)
-0.0905*
(-0.1699 - -0.0112)
5.0287***
(4.5303 - 5.5271)

(-0.0254 - 0.0106)
0.0006
(-0.0180 - 0.0192)

(0.0175 - 0.0593)
0.0605***
(0.0359 - 0.0850)

R2

0.07

0.38

N

18,203

18,203

18,203

18,203

A

-0.1689***

-0.4558***

(-0.2351 - -0.1027)

(-0.5550 - -0.3566)

0.1988***

0.1401***

(0.1195 - 0.2781)

(0.0637 - 0.2166)

0.2831***

-0.0773***

(0.2586 - 0.3075)

(-0.1110 - -0.0437)

0 ≤ Elixhauser Comorbidity
Indexd < 5
5 ≤ Elixhauser Comorbidity
Index < 10
10 ≤ Elixhauser Comorbidity
Index < 15
15 ≤ Elixhauser Comorbidity
Index < 20
Elixhauser ≥ 20
Constant

B
C
D
E
F

0.1995***

-0.1417***

(0.1690 - 0.2301)

(-0.1664 - -0.1170)

0.1420***

0.1784***

(0.0875 - 0.1965)

(0.1180 - 0.2387)

-0.0573**

-0.2627***

(-0.0942 - -0.0205)

(-0.2991 - -0.2264)
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G
H
I
J
K
L
M
N
O
P
Q
R
S
T
U

0.0777***

-0.1340***

(0.0460 - 0.1094)

(-0.1602 - -0.1078)

0.6167***

-0.0166

(0.5506 - 0.6827)

(-0.0613 - 0.0280)

0.0704*

-0.1978***

(0.0140 - 0.1268)

(-0.2250 - -0.1705)

0.1091***

-0.2804***

(0.0520 - 0.1663)

(-0.3391 - -0.2216)

0.3398***

-0.0595*

(0.2939 - 0.3857)

(-0.1109 - -0.0080)

0.1445***

-0.1401***

(0.0953 - 0.1937)

(-0.1826 - -0.0976)

0.3620***

0.1279***

(0.3219 - 0.4021)

(0.0821 - 0.1738)

-0.0196

0.0559*

(-0.0899 - 0.0508)

(0.0046 - 0.1072)

0.3898***

0.2419***

(0.3322 - 0.4474)

(0.1914 - 0.2924)

0.2563***

0.0538***

(0.2233 - 0.2892)

(0.0241 - 0.0836)

-0.1468***

-0.2948***

(-0.1736 - -0.1199)

(-0.3292 - -0.2603)

0.0374

-0.0975***

(-0.0414 - 0.1163)

(-0.1448 - -0.0501)

0.1572***

-0.1479***

(0.0962 - 0.2183)

(-0.2047 - -0.0912)

0.0428

0.0687*

(-0.0305 - 0.1160)

(0.0154 - 0.1221)

0.0752

0.0672
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V
W
X
Y
Z
AA
BB
CC

(-0.1395 - 0.2898)

(-0.0155 - 0.1499)

-0.2307***

-0.1803***

(-0.2590 - -0.2025)

(-0.2094 - -0.1512)

0.4931***

-0.0873**

(0.4462 - 0.5400)

(-0.1489 - -0.0257)

0.0685*

-0.0563*

(0.0165 - 0.1205)

(-0.1097 - -0.0029)

0.2575***

0.0781**

(0.2036 - 0.3114)

(0.0236 - 0.1325)

0.4053***

0.1251***

(0.2867 - 0.5239)

(0.0599 - 0.1902)

0.0159

-0.3404***

(-0.0257 - 0.0575)

(-0.3862 - -0.2946)

-0.2711***

0.1257***

(-0.3037 - -0.2385)

(0.0911 - 0.1602)

0.1791***
(0.1551 - 0.2032)

0.0278
(-0.0001 - 0.0558)

Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique.
Shown are marginal effects and 95% Confidence Intervals of marginal effects. Multiple linear regression for
RN- and PT-RHDS scores, Logistic regression for readmission and ED/Obs. The analysis controlled for the
following variables; lives alone, age, gender, race, ethnicity, payer type, Major Diagnostics Categories (MDCs),
Elixhauser Comorbidity Index, length of stay, prior hospitalization within 90 days, and patient type.
Table include all control variables and fixed effects
a
Patient-RHDS: Patient self-report form: Readiness for Hospital Discharge Scale scores 0-10, higher scores=greater
readiness
b
Nurse-RHDS: Nurse assessment form: Readiness for Hospital Discharge Scale
c
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
d
Elixhauser Comorbidity Index–categorization of the comorbidities based on the International Classification of
Diseases (Elixhauser et al., 1998).
e
Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of
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discharge and 0= discharging nurse not assigned on the prior day.
*<0.05; **<0.01; ***<0.001
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Table e4. Aim 3– Marginal Effects of Nurse Continuity regressed on unit environment characteristics
including fixed effects and controls
Effect on Nurse Continuitya
Nurse Mean

Marginal Effect
(95% CI)
-0.000
(-0.008 - 0.008)

Patient Mean

0.008
(-0.000 - 0.015)

RN OT Hourss per PT Day Q2

-0.010
(-0.042 - 0.022)

RN OT Hours per PT Day Q3

-0.013
(-0.041 - 0.016)

RN OT Hours per PT Day Q4

0.008
(-0.031 - 0.046)

RN Non-OT Hours per PT Day Q2

0.012
(-0.045 - 0.068)

RN Non-OT Hours per PT Day Q3

0.045
(-0.016 - 0.106)

RN Non-OT Hours per PT Day Q4

0.033
(-0.033 - 0.099)

Non-RN Hours per PT Day Q2

-0.008
(-0.030 - 0.014)

Non-RN Hours per PT Day Q3

-0.017
(-0.056 - 0.022)

Non-RN Hours per PT Day Q4

0.019
(-0.049 - 0.088)

BSN Percent Q2

-0.025
(-0.072 - 0.022)

BSN Percent Q3

-0.026
(-0.073 - 0.021)
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BSN Percent Q4

0.022
(-0.033 - 0.077)

RN Experience Q2

-0.044*
(-0.080 - -0.008)

RN Experience Q3

-0.014
(-0.064 - 0.036)

RN Experience Q4

-0.088**
(-0.149 - -0.027)

Female

-0.009
(-0.024 - 0.006)

Age

0.000
(-0.001- 0.001)

Native American/Alaskan

-0.001
(-0.060 - 0.058)

Asian

-0.028
(-0.077 - 0.021)

Black/African American

0.015
(-0.020 - 0.051)

Hawaiian/Pacific Islander

0.089
(-0.005 - 0.184)

White

0.006
(-0.024 - 0.035)

Hispanic

-0.003
(-0.029 - 0.024)

Unknown Ethnicity

0.082***
(0.048 - 0.116)

1.lives_alone

0.013
(-0.006 - 0.031)

Medicare

0.003
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(-0.017 - 0.023)
Medicaid

0.014
(-0.015 - 0.042)

Uninsured

0.033
(-0.026 - 0.092)

Other Paytype

-0.015
(-0.047 - 0.016)

Total Length of Stay

0.001
(-0.002 - 0.005)
b

0 ≤ Elixhauser Comorbidity Index < 5

-0.011
(-0.034 - 0.013)

5 ≤ Elixhauser Comorbidity Index < 10

-0.015
(-0.039 - 0.009)

10 ≤ Elixhauser Comorbidity Index < 15

-0.013
(-0.043 - 0.016)

15 ≤ Elixhauser Comorbidity Index < 20

-0.016
(-0.047 - 0.015)

Elixhauser Comorbidity Index ≥ 20

-0.005
(-0.037 - 0.026)

Eye

-0.111
(-0.314 - 0.093)

ENT

0.016
(-0.069 - 0.100)

Respiratory

0.011
(-0.046 - 0.068)

Circulatory

0.026
(-0.0256b- 0.079)

Digestive

0.031
(-0.018 - 0.080)
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Hepatobiliary/Pancreatic

0.016
(-0.042 - 0.074)

Musculoskeletal

0.027
(-0.032 - 0.085)

Skin/Subcutaneous

0.049
(-0.016 - 0.113)

Endocrine/Metabolic

0.001
(-0.063 - 0.064)

Kidney/Urinary

0.047
(-0.017 - 0.111)

Male Reproductive

0.035
(-0.078 - 0.147)

Female Reproductive

-0.002
(-0.066 - 0.063)

Pregnancy

0.086
(-0.069 - 0.242)

Blood/Immunological

0.024
(-0.027 - 0.074)

Meloproliferative DD

-0.100
(-0.219 - 0.018)

Infectious/Parasitic DD

-0.002
(-0.063 - 0.059)

Mental

-0.103
(-0.273 - 0.067)

Alcohol/Drug

0.014
(-0.092 - 0.119)

Injury/Poison/Toxin

0
(-0.081 - 0.081)

Other

0.007
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(-0.130 - 0.144)
Multiple Trauma

0.047
(-0.099 - 0.193)

HIV

0.115
(-0.026 - 0.257)

Transplants

0.014
(-0.244 - 0.272)

Unrelated

0.020
(-0.081 - 0.121)

Missing

0.023
(-0.048 - 0.094)

Surgical

0.011
(-0.014 - 0.035)

Med./Surg. Unknown

-0.053
(-0.158 - 0.052)

30-Day Prior Hosp.

-0.019
(-0.045 - 0.006)

Unknown 30-Day Prior

0.019
(-0.003 - 0.041)

N

17,523

Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique.
Logistic regression for Nurse Continuity. Shown are marginal effects and standard errors of marginal effects.
The analysis controlled for the following variables; lives alone, age, gender, race, ethnicity, payer type, Major
Diagnostic Categories (MDCs), Elixhauser Comorbidity Index, length of stay, prior hospitalization within 90 days,
and patient type.
a
Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1=the nurse was assigned to the patient the day prior to discharge and the day of
discharge and 0= discharging nurse not assigned on the prior day
b
Elixhauser Comorbidity Index – categorization of the comorbidities based on the International Classification
of Diseases (Elixhauser et al., 1998).
*<0.05; **<0.01; ***<0.001
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Table e5. Logistic regression models for moderating effects of unit environment and unit nurse characteristic
variables on return to hospital (Readmissions and ED/Obs)#
ED/Obsa Visits
Effect of Nurse
Continuityb
Contrasts of Marginal
Effects with Quartile
Marginal Effects
1
(95% CI)
(p-values of the
contrasts)
RN Overtime Hours per Patient Day
Quartile 1
0.003
(-0.014, 0.020)
Quartile 2
0.015
0.012
(-0.001, 0.030)
(-0.013, 0.037)
Quartile 3
0.004
0.001
(-0.014, 0.021)
(-0.018, 0.019)
Quartile 4
-0.006
-0.009
(-0.026, 0.015)
(-0.031, 0.013)
18,203
.
RN Non-Overtime Hours per Patient Day
Quartile 1
0.017
(-0.002, 0.036)
Quartile 2
0.007
(-0.028, 0.042)
Quartile 3
-0.005
(-0.028, 0.018)
Quartile 4
-0.005
(-0.023, 0.012)
18,203
Non-RN Hours per Patient Day

-0.01
(-0.037, 0.017)
-0.022
(-0.047, 0.002)
-0.022
(-0.047, 0.003)
.

Readmissions
Effect of Nurse
Continuity
Contrasts of Marginal
Effects with Quartile
Marginal Effects
1
(95% CI)
(p-values of the
contrasts)
-0.002
(-0.017, 0.015)
-0.012
(-0.031, 0.008)
-0.005
(-0.027, 0.016)
-0.016
(-0.046, 0.014)
18,203

-0.01
(-0.032, 0.012)
-0.004
(-0.030, 0.022)
-0.014
(-0.042, 0.013)
.

-0.011
(-0.032, 0.011)
-0.016
(-0.047, 0.015)
0.003
(-0.016, 0.021)
-0.007
(-0.062, 0.048)
18,203

-0.006
(-0.031, 0.020)
0.0132
(-0.007, 0.033)
0.003
(-0.029, 0.036)
.
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Quartile 1
Quartile 2
Quartile 3
Quartile 4

Unit BSN Percentage
Quartile 1
Quartile 2
Quartile 3
Quartile 4

Unit RN Experience
Quartile 1
Quartile 2
Quartile 3
Quartile 4

-0.003
(-0.022, 0.017)
0.006
(-0.012, 0.024)
0.009
(-0.010, 0.027)
0.005
(-0.020, 0.030)
18,203

0.021*
(0.004, 0.038)
-0.003
(-0.011, 0.006)
-0.006
(-0.029, 0.017)
-0.000
(-0.017, 0.017)
18,203

0.004
(-0.009, 0.016)
0.002
(-0.024, 0.029)
0.007
(-0.016, 0.031)
0.013
(-0.035, 0.062)
17,523

0.009
(-0.014, 0.031)
0.011
(-0.010, 0.032)
0.007
(-0.021, 0.035)
.

-0.006
(-0.021, 0.010)
-0.008
(-0.037, 0.019)
-0.017
(-0.044, 0.010)
-0.003
(-0.031, 0.025)
18,203

-0.003
(-0.029, 0.023)
-0.011
(-0.040, 0.018)
0.003
(-0.019, 0.024)
.

-0.024*
(-0.041, -0.006)
-0.027
(-0.056, 0.002)
-0.021*
(-0.039, -0.003)
.

-0.07*
(-0.031, -0.002)
0.014
(-0.000, 0.028)
-0.008
(-0.032, 0.016)
-0.018*
(-0.033, -0.004)
18,203

0.031*
(0.004, 0.057)
0.008
(-0.009, 0.025)
-0.002
(-0.020, 0.017)
.

-0.001
(-0.018, 0.016)
0.004
(-0.021, 0.028)
0.0010
(-0.029, 0.048)
.

-0.012
(-0.038, 0.015)
-0.012
(-0.060, 0.037)
-0.009
(-0.034, 0.015)
-0.008
(-0.046, 0.029)
17,523

-0.000
(-0.026, 0.025)
0.002
(-0.019, 0.023)
0.003
(-0.018, 0.024)
.
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Table includes all control variables and fixed effects.
Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique.
Shown are marginal effects and standard errors of marginal effects. The analysis controlled for the following
variables; lives alone, age, gender, race, ethnicity, payer type, Major Diagnostic Categories (MDCs), Elixhauser
Comorbidity Index, length of stay, prior hospitalization within 90 days, and patient type.
a
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
b
Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1=the nurse was assigned to the patient the day prior to discharge and the day of
discharge and 0= discharging nurse not assigned on the prior day.
*<0.05; **<0.01; ***<0.001
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Table e6. Full series of regression models for Aim 4: Unit environment and unit nurse characteristics as
moderators of the Relationship of nurse continuity and readmission
RN OTc Hours PPDd

RN Non-OT Hours
PPD

Non-RN Hours PPD

-0.003

-0.008**

-0.003

-0.008**

-0.003

-0.008**

-0.003

-0.008**

-0.003

-0.009***

RN READI

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

0.001

-0.002

0.001

-0.002

0.001

-0.002

0.001

-0.003

0.002

PT READI

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

-0.002

0.005

-0.008*

0.005

-0.008*

0.005

-0.008*

0.005

-0.009*

0.006

-0.010**

-0.005

-0.004

-0.004

-0.004

-0.005

-0.004

-0.004

-0.0033

-0.005

-0.003

-0.007

0.000

-0.008

-0.009

-0.003

-0.015

-0.008

-0.013

-0.005

0.016

-0.016

-0.022
-0.008

0.007

-0.008

-0.008

-0.008

0.014*

-0.007

-0.007

0.003

0.009

-0.011

-0.012

Nurse

Continuityb

RN OT Hours PPD Q2

RN OT Hours PPD Q3

RN OT Hours PPD Q4
RN Non-OT Hours PPD
Q2
RN Non-OT Hours PPD
Q3
RN Non-OT Hours PPD
Q4

Non-RN Hours PPD Q2

Non-RN Hours PPD Q3

Non-RN Hours PPD Q4

Proportion BSN Q2

-0.006

-0.003

-0.006

-0.007

-0.003

-0.009

-0.006

-0.009

0.013

-0.007

-0.010

-0.011

BSN Proportion

0.024**

-0.013

-0.008

-0.007

RN Experience
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Proportion BSN Q3

Proportion BSN Q4

0.028*

-0.009

-0.013

-0.008

-0.002

-0.009

-0.011

-0.009

RN Experience Q2

RN Experience Q3

RN Experience Q4

Age

Female

Native American/Alaskan

Asian

Black/African American

Hawaiian/Pacific Islander

White

Hispanic Ethnicity

Unknown Ethnicity

0.006

-0.032*

-0.007

-0.012

0.019*

-0.070*

-0.007

-0.026

0.026

-0.101**

-0.018

-0.030

-0.001***

-0.000

-0.001***

-0.000

-0.001***

-0.000

-0.001***

-0.000

-0.001***

-0.000

-0.000

-0.000

-0.000

-0.000

-0.000

-0.000

-0.000

-0.000

-0.001

-0.000

0.010*

-0.011

0.010*

-0.011

0.010*

-0.011

0.010*

-0.010

0.011*

-0.013

-0.004

-0.007

-0.004

-0.007

-0.004

-0.007

-0.004

-0.007

-0.004

-0.007

-0.011

0.009

-0.010

0.010

-0.010

0.008

-0.010

0.009

-0.009

0.011

-0.020

-0.013

-0.02

-0.013

-0.02

-0.013

-0.02

-0.013

-0.021

-0.013

-0.035

-0.001

-0.035

-0.000

-0.035

-0.001

-0.035

-0.001

-0.039

-0.010

-0.020

-0.017

-0.020

-0.017

-0.020

-0.017

-0.020

-0.017

-0.021

-0.020

0

0.0097

-0.000

0.011

0.000

0.009

-0.000

0.010

0.000

0.010

-0.014

-0.011

-0.014

-0.011

-0.014

-0.011

-0.014

-0.011

-0.015

-0.011

0.003

-0.025

0.002

-0.023

0.003

-0.0256

0.004

-0.025

-0.017

-0.001

-0.058

-0.046

-0.057

-0.047

-0.059

-0.047

-0.058

-0.047

-0.068

-0.055

-0.027

0.000

-0.027

0.001

-0.027

-0.000

-0.027

-0.000

-0.025

-0.001

-0.016

-0.009

-0.016

-0.009

-0.016

-0.009

-0.016

-0.009

-0.017

-0.010

-0.001

-0.020

0.000

-0.018

0

-0.021

0.001

-0.021

0.004

-0.022

-0.010

-0.012

-0.010

-0.010

-0.01

-0.012

-0.010

-0.012

-0.011

-0.013

0.004

-0.075**

0.006

-0.074**

0.005

-0.075**

0.007

-0.075**

0.006

-0.073**

-0.008

-0.023

-0.007

-0.023

-0.007

-0.024

-0.007

-0.023

-0.008

-0.025

0.002

0.001

0.002

0.002

0.002

0.001

0.002

0.001

0.001

0.002
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1.lives_alone

Medicare

Medicaid

Uninsured

Other Pay type

Length of Stay

Surgical Patient
Unknown
Medical/Surgical
30-Day Prior
Hospitalization

Unknown 30-Day Prior
0 <= Elixhauser
Comorbidity Indexe < 5
5 <= Elixhauser
Comorbidity Index < 10
10 <= Elixhauser
Comorbidity Index < 15
15 <= Elixhauser
Comorbidity Index < 20

-0.007

-0.005

-0.007

-0.005

-0.007

-0.005

-0.007

-0.005

-0.007

-0.005

0.020**

0.018

0.020**

0.018

0.020**

0.018

0.020**

0.018

0.020**

0.017

-0.007

-0.010

-0.007

-0.010

-0.007

-0.010

-0.007

-0.010

-0.007

-0.010

0.0278**

0.031**

0.028**

0.031**

0.028**

0.031**

0.028**

0.031**

0.028**

0.028*

-0.009

-0.010

-0.009

-0.010

-0.009

-0.010

-0.009

-0.010

-0.009

-0.010

0.010

0.011

0.011

0.010

0.010

0.011

0.010

0.010

0.01

0.011

-0.02

-0.016

-0.018

-0.016

-0.018

-0.016

-0.018

-0.016

-0.018

-0.016

-0.005

0.002

-0.004

0.001

-0.004

0.001

-0.004

0.001

-0.004

-0.001

-0.009

-0.012

-0.009

-0.012

-0.009

-0.012

-0.009

-0.012

-0.010

-0.012

0.000

0.004***

0.000

0.004***

0.000

0.004***

0.000

0.004***

0.001

0.004***

-0.001

-0.001

-0.001

-0.001

-0.000

-0.001

-0.001

-0.001

-0.001

-0.001

-0.010

-0.031*

-0.010

-0.031*

-0.010

-0.031*

-0.010

-0.031*

-0.010

-0.032**

-0.007

-0.012

-0.007

-0.012

-0.007

-0.012

-0.007

-0.012

-0.007

-0.011

-0.029

-0.037

-0.031

-0.037

-0.031

-0.036

-0.029

-0.037

-0.032

-0.033

-0.036

-0.028

-0.036

-0.028

-0.035

-0.028

-0.037

-0.029

-0.035

-0.028

-0.010

0.034

-0.010

0.035

-0.01

0.035

-0.010

0.035

-0.010

0.034

-0.01

-0.018

-0.010

-0.018

-0.010

-0.018

-0.010

-0.018

-0.010

-0.018

-0.081***

-0.089***

-0.084***

-0.088***

-0.083***

-0.090***

-0.083***

-0.090***

-0.080***

-0.086***

-0.016

-0.003

-0.015

-0.003

-0.015

-0.003

-0.015

-0.002

-0.014

-0.009

0.020**

-0.009

0.020**

-0.009

0.020**

-0.009

0.020**

-0.010

0.020**

-0.006

-0.007

-0.006

-0.007

-0.008

-0.007

-0.006

-0.007

-0.006

-0.007

-0.006

0.016*

-0.006

0.016*

-0.006

0.016*

-0.006

0.016*

-0.006

0.019*

-0.007

-0.007

-0.007

-0.007

-0.007

-0.007

-0.007

-0.007

-0.007

-0.008

0.005

0.033**

0.005

0.032**

0.005

0.033**

0.005

0.033**

0.001

0.032**

-0.008

-0.011

-0.008

-0.011

-0.009

-0.011

-0.008

-0.011

-0.008

-0.011

-0.008

0.039***

-0.008

0.038***

-0.007

0.038***

-0.008

0.039***

-0.008

0.039**

-0.009

-0.010

-0.009

-0.010

-0.009

-0.010

-0.009

-0.010

-0.009

-0.011

0.001

0.060***

0.001

0.060***

0.001

0.060***

0.001

0.061***

0.001

0.060***

-0.003
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20 <= Elixhauser

-0.009

-0.012

-0.009

-0.012

-0.009

-0.012

-0.009

-0.012

-0.009

-0.013

18,203

18,203

18,203

18,203

18,203

18,203

18,203

18,203

17,523

17,523

-0.078

0.049

-0.079

0.044

-0.078

0.044

-0.078

0.081

-0.125***

-0.081

-0.047

-0.083

-0.047

-0.080

-0.047

-0.080

-0.047

-0.093

-0.019

-0.024

-0.051

-0.025

-0.051

-0.025

-0.051

-0.024

-0.051

-0.035

-0.048

-0.029

-0.029

-0.029

-0.029

-0.029

-0.029

-0.029

-0.029

-0.031

-0.031

-0.027

-0.008

-0.028

-0.008

-0.028

-0.008

-0.028

-0.008

-0.033*

-0.013

-0.016

-0.020

-0.016

-0.019

-0.016

-0.019

-0.0156

-0.020

-0.016

-0.020

0.044

Eye
ENT
Respiratory

-0.028

-0.004

-0.028

-0.004

-0.029

-0.004

-0.028

-0.004

-0.032*

-0.009

Circulatory

-0.014

-0.020

-0.014

-0.020

-0.014

-0.020

-0.014

-0.020

-0.015

-0.020

-0.02

0.001

-0.021

0.001

-0.021

0.001

-0.020

0.001

-0.024

-0.002

Digestive

-0.015

-0.022

-0.015

-0.022

-0.015

-0.022

-0.015

-0.022

-0.016

-0.023

-0.021

0.026

-0.022

0.026

-0.022

0.025

-0.021

0.026

-0.023

0.023

Hepatobiliary/Pancreatic
Musculoskeletal

-0.017

-0.023

-0.017

-0.023

-0.017

-0.023

-0.017

-0.024

-0.018

-0.025

-0.036*

-0.045*

-0.036*

-0.046*

-0.036*

-0.046*

-0.036*

-0.045*

-0.040*

-0.051*

-0.017

-0.020

-0.017

-0.020

-0.017

-0.020

-0.017

-0.020

-0.018

-0.021

-0.035*

-0.019

-0.035*

-0.019

-0.035*

-0.019

-0.034*

-0.019

-0.039*

-0.022

Skin/Subcutaneous

-0.015

-0.020

-0.015

-0.020

-0.015

-0.020

-0.016

-0.020

-0.016

-0.021

-0.030

-0.020

-0.030

-0.019

-0.030

-0.020

-0.030

-0.019

-0.038*

-0.024

Endocrine/Metabolic

-0.017

-0.022

-0.017

-0.022

-0.017

-0.021

-0.017

-0.022

-0.016

-0.023

-0.020

0.011

-0.020

0.010

-0.020

0.010

-0.020

0.011

-0.027

-0.001

Kidney/Urinary

-0.017

-0.021

-0.016

-0.02

-0.017

-0.021

-0.017

-0.021

-0.016

-0.021

-0.052

0.027

-0.053

0.029

-0.053

0.028

-0.052

0.030

-0.056

0.024

-0.041

-0.068

-0.040

-0.067

-0.040

-0.068

-0.040

-0.069

-0.041

-0.068

-0.029

0.019

-0.030

0.018

-0.030

0.018

-0.030

0.019

-0.033

0.017

-0.035

-0.034

-0.035

-0.033

-0.035

-0.033

-0.035

-0.034

-0.035

-0.035

-0.014

-0.020

-0.013

-0.020

-0.014

-0.020

-0.013

-0.022

-0.027

-0.020

Pregnancy

-0.036

-0.048

-0.036

-0.048

-0.036

-0.048

-0.036

-0.047

-0.034

-0.049

-0.019

0.045

-0.020

0.044

-0.020

0.044

-0.020

0.045

-0.027

0.040

Blood/Immunological

-0.022

-0.036

-0.022

-0.036

-0.022

-0.036

-0.022

-0.036

-0.022

-0.038

0.032

0.147

0.031

0.150

0.032

0.147

0.031

0.147

0.018

0.159

Male Reproductive
Female Reproductive
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Meloproliferative DD

-0.057

-0.086

-0.057

-0.087

-0.056

-0.087

-0.056

-0.087

-0.057

-0.087

-0.036*

-0.007

-0.036*

-0.007

-0.037*

-0.008

-0.036*

-0.008

-0.039*

-0.011

-0.015

-0.020

-0.015

-0.020

-0.015

-0.020

-0.015

-0.020

-0.016

-0.021

0.039

-0.122***

0.037

-0.122***

0.038

-0.122***

0.041

-0.122***

0.037

-0.125***

Mental

-0.073

-0.018

-0.073

-0.018

-0.072

-0.018

-0.073

-0.018

-0.075

-0.019

-0.016

-0.009

-0.017

-0.009

-0.017

-0.009

-0.018

-0.009

-0.027

-0.013

Alcohol/Drug

-0.030

-0.031

-0.030

-0.031

-0.029

-0.031

-0.030

-0.031

-0.029

-0.032

-0.030

-0.046

-0.031

-0.045

-0.031

-0.046

-0.030

-0.046

-0.032

-0.059*

Injury/Poison/Toxin

-0.018

-0.026

-0.018

-0.026

-0.018

-0.026

-0.018

-0.026

-0.019

-0.023

0.005

-0.007

0.004

-0.007

0.003

-0.008

0.004

-0.008

0.010

-0.009

Infectious/Parasitic DD

Other

-0.033

-0.039

-0.034

-0.039

-0.0323

-0.039

-0.033

-0.039

-0.036

-0.043

-0.007

-0.034

-0.009

-0.035

-0.009

-0.034

-0.008

-0.032

-0.012

-0.050

-0.048

-0.036

-0.047

-0.036

-0.0472

-0.036

-0.047

-0.037

-0.055

-0.043

0.030

-0.075*

0.033

-0.076*

0.0281

-0.075*

0.031

-0.075*

0.023

-0.077*

-0.095

-0.030

-0.097

-0.029

-0.095

-0.030

-0.098

-0.030

-0.094

-0.03

-0.062*

0.171

-0.062*

0.171

-0.062*

0.172

-0.062*

0.170

-0.066**

0.165

-0.023

-0.104

-0.024

-0.100

-0.024

-0.104

-0.024

-0.103

-0.024

-0.104

-0.017

0.041

-0.018

0.040

-0.017

0.040

-0.017

0.039

-0.021

0.032

Unrelated

-0.025

-0.037

-0.026

-0.037

-0.025

-0.037

-0.026

-0.037

-0.027

-0.039

-0.035

-0.005

-0.032

-0.005

-0.032

-0.006

-0.037

-0.004

-0.035

-0.016

Missing

-0.019

-0.023

-0.020

-0.024

-0.02

-0.024

-0.019

-0.024

-0.021

-0.026

Multiple Trauma
HIV
Transplants

Equations are estimated simultaneously using seemingly unrelated regression equations estimation technique. Shown are
marginal effects and standard errors of marginal effects. The analysis controlled for the following variables; lives alone, age,
gender, race, ethnicity, payer type, Major Diagnostics Category (MDCs), Elixhauser Comorbidity Index, length of stay, prior
hospitalization within 90 days, and patient type, and used unit fixed effects.
Q2 – quartile 2, Q3 – quartile 3, Q4 – quartile 4 (reference category = quartile 1)
a
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
b
Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment as a
dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of discharge and 0=
discharging nurse not assigned on the prior day.
c
OT - overtime
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d

PPD – per patient day
Elixhauser Comorbidity Index–categorization of the comorbidities based on the International Classification of Diseases
(Elixhauser et al., 1998).
*<0.05; **<0.01; ***<0.001
e
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Figure e1. Marginal effects of logistic regression of nurse continuity of discharge care on readmissions for
tertiles of Elixhauser Comorbidity Indexa Scores

a

Elixhauser Comorbidity Index–categorization of the comorbidities based on the International Classification of Diseases
(Elixhauser et al., 1998).
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Table e7. Logistic regression of nurse continuity on readmissions for tertiles of Elixhauser Comorbidity
Index Scores (marginal effects)
a

Nurse Continuity (average marginal effect)

ED/Obsb
0.005

Readmission
-0.008*

(-0.005 - 0.0151)

(-0.017 - -0.000)

0.000

0.004

(-0.012 - 0.012)

(-0.007 - 0.014)

0.006

-0.009

(-0.012 - 0.024)

(-0.026 - 0.007)

0.012

-0.031*

(-0.007 - 0.030)

(-0.054 - -0.008)

-0.003

-0.008**

(-0.085 - 0.001)

(-0.013 - -0.003)

-0.002

0.001

(-0.006 - 0.002)

(-0.003 - 0.005)

0.010*

-0.011

(0.002 - 0.019)

(-0.024 - 0.003)

-0.001***

-0.000

(-0.001 - -0.00)

(-0.001 - 0.000)

-0.010

0.009

(-0.052 - 0.031)

(-0.018 - 0.035)

-0.035

-0.001

(-0.075 - 0.006)

(-0.036 - 0.034)

-0.000

0.010

(-0.029 - 0.029)

(-0.013 - 0.032)

0.003

-0.025

(-0.115 - 0.121)

(-0.120 - 0.069)

Nurse Continuity at:
Lowest Elixhauserc
Middle Elixhauser
Highest Elixhauser
Nurse Readiness for Hospital Discharge Mean
Patient Readiness for Hospital Discharge Mean
Female
Age
Native American/Alaskan
Asian
Black/African American
Hawaiian/Pacific Islander
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White
Hispanic
Unknown Ethnicity
Lives Alone
Medicare
Medicaid
Uninsured
Other Pay type
Total Length of Stay
Eye
ENT
Respiratory
Circulatory
Digestive

-0.027

0.000

(-0.060 - 0.006)

(-0.018 - 0.018)

0.000

-0.021

(-0.020 - 0.021)

(-0.046 - 0.004)

0.007

-0.076**

(-0.008 - 0.021)

(-0.123 - -0.029)

0.002

0.001

(-0.011 - 0.016)

(-0.009 - 0.012)

0.020**

0.018

(0.006 - 0.034)

(-0.002 - 0.037)

0.028**

0.031**

(0.010 - 0.045)

(0.011 - 0.051)

0.01

0.011

(-0.026 - 0.046)

(-0.022 - 0.045)

-0.004

0.002

(-0.023 - 0.0145)

(-0.023 - 0.026)

0.000

0.003***

(-0.001 - 0.002)

(0.002 - 0.005)

0.047

-0.079

(-0.117 - 0.212)

(-0.174 - 0.017)

-0.025

-0.051

(-0.085 - 0.035)

(-0.120 - 0.008)

-0.028

-0.008

(-0.059 - 0.004)

(-0.048 - 0.032)

-0.029

-0.0038

(-0.058 - 0.001)

(-0.044 - 0.036)

-0.020

0.001

(-0.052 - 0.011)

(-0.045 - 0.046)
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Hepatobiliary/Pancreatic
Musculoskeletal
Skin/Subcutaneous
Endocrine/Metabolic
Kidney/Urinary
Male Reproductive
Female Reproductive
Pregnancy
Blood/Immunological
Meloproliferative DD
Infectious/Parasitic DD
Mental
Alcohol/Drug
Injury/Poison/Toxin

-0.0212

0.025

(-0.057 - 0.013)

(-0.023 - 0.073)

-0.036*

-0.045*

(-0.071 - -0.001)

(-0.086 - -0.005)

-0.035*

-0.019

(-0.066 - -0.003)

(-0.060 - 0.021)

-0.030

-0.02

(-0.065 - 0.004)

(-0.063 - 0.025)

-0.020

0.011

(-0.054 - 0.014)

(-0.032 - 0.054)

-0.053

0.028

(-0.134 - 0.029)

(-0.111 - 0.167)

-0.029

0.019

(-0.101 - 0.042)

(-0.050 - 0.088)

-0.013

-0.021

(-0.087 - 0.061)

(-0.118 - 0.077)

-0.020

0.044

(-0.064 - 0.025)

(-0.031 - 0.119)

0.033

0.145

(-0.082 - 0.148)

(-0.032 - 0.320)

-0.036*

-0.007

(-0.067 - -0.006)

(-0.048 - 0.033)

0.037

-0.122***

(-0.110 - 0.185)

(-0.159 - -0.085)

-0.016

-0.010

(-0.076 - 0.044)

(-0.073 - 0.054)

-0.030

-0.046

(-0.068 - 0.007)

(-0.099 - 0.008)
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Other
Multiple Trauma
HIV
Transplants
Unrelated
Missing
Surgical
Med./Surg. Unknown
30-Day Prior Hosp.
Unknown 30-Day Prior
N
a

0.004

-0.008

(-0.063 - 0.072)

(-0.088 - 0.072)

-0.009

-0.034

(-0.106 - 0.088)

(-0.108 - 0.040)

0.029

-0.075*

(-0.164 - 0.223)

(-0.135 - -0.015)

-0.062*

0.167

(-0.111 - -0.013)

(-0.039 - 0.373)

-0.017

0.040

(-0.069 - 0.035)

(-0.036 - 0.116)

-0.033

-0.007

(-0.073 - 0.008)

(-0.055 - 0.040)

-0.010

-0.031*

(-0.024 - 0.004)

(-0.054 - -0.007)

-0.031

-0.035

(-0.103 - 0.040)

(-0.092 - 0.022)

-0.0100

0.0343

(-0.031 - 0.011)

(-0.002 - 0.071)

-0.083***

-0.090***

(-0.089 - -0.078)

(-0.121 - -0.059)

18,203

18,203

Nurse Continuity: Nurse Continuity is operationalized to represent the structure of the nursing care assignment
as a dichotomous variable, 1= the nurse was assigned to the patient the day prior to discharge and the day of
discharge and 0= discharging nurse not assigned on the prior day.
b
ED/Obs: Emergency department visit or Observation stay <23 hours within 30 days post-discharge.
e
Elixhauser Comorbidity Index–categorization of the comorbidities based on the International Classification of
Diseases (Elixhauser et al., 1998).

